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INTRODUCTION 


The  major  goal  of  this  research  project  was  to  optimize  the  conjugation  procedures  used  in 
the  preparation  of  the  EGF-Gen  conjugates  in  order  to  overcome  the  major  limitations  of 
this  technology,  including  (1)  instability  of  the  conjugates,  (2)  presence  of  Gen-free 
modified  EGF  in  the  conjugate  preparations,  (3)  slow  kinetics  of  cell  kill,  and  (4)  low  yield 
of  intact  conjugate.  Our  efforts  are  summarized  in  the  annual  reports  which  are  attached  to 
this  report. 


BODY 

The  research  accomplishments  associated  with  each  Task  outlined  in  the  approved 
Statement  of  Work  were  described  in  the  annual  reports,  which  are  included  as  Documents 
1-4  of  this  submission. 

•  1997  REPORT  (Document  1) 

•  1998  REPORT  (Document  2) 

•  1999  REPORT  (Document  3) 

•  2000  REPORT  (Document  4) 

Our  efforts  have  failed.  The  research  did  not  lead  to  a  solution  for  any  of  the  above  listed 
problems/limitations  of  the  technology.  It  is  therefore  unlikely  that  the  Genistein 
conjugates  of  EGF  will  be  clinically  useful.  As  presented  at  the  last  Year  2000  Era  of  Hope 
Meeting,  we  have  also  explored  the  potential  of  EGF  conjugates  containing  other  more 
active  inhibitors  of  the  EGF  tyrosine  kinase.  While  these  conjugates  have  not  been  tested 
in  animal  models  of  breast  cancer  during  the  term  of  this  grant,  they  are  unlikely  to  offer 
significant  advantages  over  the  unconjugated  small  molecule  tyrosine  kinase  inhibitors. 


REPORTABLE  OUTCOMES 

•  Presentations.  Preliminary  studies  conducted  at  the  University  of  Minnesota  were 
reported  in  Clinical  Cancer  Research: 

1.  Uckun  FM,  Narla  R,  Zeren  T,  Yanishevski  Y,  Myers  DE,  Waurzyniak  B,  Ek 
O,  Schneider  E,  Messinger  Y,  Chelstrom  LM,  Gunther  R,  Evans  W.  In  Vivo 
Toxicity,  Pharmacokinetics,  and  Anti-Cancer  Activity  of  Genistein  Conjugated 
to  Human  Epidermal  Growth  Factor.  Clinical  Cancer  Research,  4(5):  1 125- 
1134,  1998. 

2.  Uckun  FM,  Jun  X,  Narla  RK,  Zeren  T,  Venkatachalam  T,  Waddick  K, 
Rostostev  A,  Myers  DE.  Cytotoxic  Activity  of  EGF-Genistein  Against  Human 
Breast  Cancer  Cells.  Clinical  Cancer  Research,  4(4):901-912, 1998. 

•  The  results  of  work  done  at  the  Parker  Hughes  Institute  were  presented  at  the  Era  of 
Hope  meetings.  Manuscripts  detailing  the  negative  results  with  the  various  EGF-Gen 
constructs  have  not  yet  been  completed. 

•  Patents  and  Licenses.  No  patentable  discoveries  resulted  from  the  funded 
research. 


1 


•  Degrees  obtained  that  are  supported  by  this  award.  Some  of  the  initial  work 
performed  as  preliminary  studies  at  the  University  of  Minnesota  was  included  in  the 
Ph.D.  thesis  of  Tamer  Zeren,  a  former  graduate  student  in  the  Biophysical  Sciences 
Program  at  the  University  of  Minnesota  to  fulfill  the  requirements  of  the  University  of 
Minnesota  Graduate  School. 

•  Informatics 

1 .  A  SCID  mouse  model  of  human  breast  cancer  has  been  established.  This  model 
may  be  used  for  evaluation  of  the  anti-breast  cancer  activity  of  any  new  anticancer 
drug. 

2.  Confocal  imaging  techniques  using  multiphoton  and  single  photon  confocal  laser 
scanning  microscopy  have  been  developed  that  can  be  used  to  evaluate  the  activity 
of  new  anticancer  drugs  against  primary  human  breast  cancer  cells.  These 
techniques  may  prove  useM  in  designing  tailored  therapies  adjusted  to  the 
chemosensitivity  of  cancer  cells  from  each  patient. 

•  Funding  applied  for  based  on  work  supported  by  this  award 

1 .  A  grant  application  was  submitted  to  DOD  to  evaluate  the  clinical  potential  of  EGF- 
Gen  in  a  Phase  I  study  since  the  preclinical  studies  have  not  been  validated  as 
predictors  of  clinical  outcome.  This  grant  application  (BC994075)  was  not 
funded. 

2.  Other  grants  are  being  projected  that  will  employ  the  informatics  derived  in  part 
from  this  project  (i.e.,  SCID  mouse  models  and  confocal  imaging  methods). 


CONCLUSIONS 

Each  annual  report  detailed  the  conclusions  from  the  experimentation  (see  Documents  1-4) 


PERSONNEL 

The  following  personnel  received  salary  support  from  this  research  project: 

Fatih  M.  Uckun  (PI) 

Roland  Gunther  (PI) 
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Elizabeth  Lisowski 
Dorothea  Myers 
Rama  Krishna  Narla 
Jack  Risdahl 
Deborah  Todhunter 
Lisa  Tuel-Ahlgren 
Scott  Walden 
Kirstin  Warner 
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L  INTRODUCTION 


Human  epidennalgrovrth  factor  (EOF)  is  a  53  amino  acid,  singlcchaio  polypepUde  (Mr  6216  daltons), 
vrtuch  exerts  biologic  effects  by  binding  to  a  specific  170  kDa  ceU  membrane  epidermal  growth  factor 
mceptor  (EGF-RffirbB-1).  Many  types  of  cancer  cells  display  enhanced  EGI^R  expression  on  their  cell 
surface  membranes.  Enhanced  expression  of  the  EGF-R  on  cancer  cells  has  been  associated  with 

excessive  proliferation  and  metastasis.  Examples  include  breast  cancer,  prostate  cancer,  lung  cancer, 
head  and  neck  cancer,  bladder  cancer,  melanoma,  and  brain  tumors.  In  breast  cancer,  expression  of  the 

BGF-R  is  a  significant  and  independent  indicator  for  recurienee  and  poor  relapse-free  survival.  The 

human  EOF-R  consists  of  an  extraceUular  domain  with  a  high  cysteine  content  and  N-lmked 
glycosylation,  a  single  ttansmembrane  domain,  and  a  cytoplasmic  domain  with  protein  tyrosine  kinase 
(PTK)  activity.  Binding  of  EGF  to  the  EGF-RffitbB-1  results  in  receptor  dimerization  with  itself  or  other 
members  of  the  Eib-B  (subtype  I)  ttansmembrane  PTIC  family  (e.g..  Eib-B2,  Etb-B3),  resultmg  m 
‘activation  with  autophosphorylation  of  the  PTK  domain.  EGF-Rls  physically  and  functionaUy 
associated  with  Sm  protooncogene  family  PTK,  including  pfiO".  This  association  is  beUeved  to  be  an 

integralpart  of  thesignalingeventsinbreast  cancer  celBmediatedbytheEGF-Rand^^^^^^ 

proliferation  and  survival  of  breast  cancer  cells. 

Ourrecentstudiesprovidedevidencethatthementiirane-assoeiatedEGF-receptorfRl-pro^^ 

kinase  (PTK)  complexes  serve  as  endogenous  negative  regulators  of  apoptosis  in  breast  cancer  cells. 

We  therefore  postulated  that  the  EGF-R,  simUat  to  the  CD19  receptor  on  leukemia  and  lymphoma  cells. 

may beasuitabletargetforbiothetapyusingtyrosmekin.se inhib^^  Genistein (Gen),  an  isoflavone 

(5.7,4'-trihydtoxyisoflavone)  from  fermentation  bmth  of  Pseudomonas:  spp..  is  a  naturaUy  occurring 
tyrosine  kinase  inhibitor  present  in  soybeans.  We  found  that  targeting  Gen  to  the  EQF-R-PTK  complexes 

in  breast  cancer  cells  using  the  EGF^n  conjugate  triggers  apoptotic  ceU  death.  The  purpose  of  this 

research  project  is  to  further  evaluate  the  clinical  potential  of  this  membrane-directed  apoptosis 
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induction  strategy  by  examining  the  in  vivo  toxicity  profile,  pharmacokinetics,  and  efficacy  of  EGF-Gen 
in  preclinical  animal  model  systems. 

n.  BODY 

n.l.  IN  VITRO  STUDIES 
A.  experimental  methods 

Preparation  of  the  EGF-Gen.  rhEGF  was  produced  in  E.  coli  harboring  a  genetically  engmeered 
plasmid  that  contains  a  synthetic  gene  for  human  EOF  fused  at  the  N-terminus  to  a  hexapeptide  leader 
sequence  for  optimal  protein  expression  and  folding.  rhEOF  fusion  protein  precipitated  in  the  form  of 
inclusion  bodies  and  the  mature  protein  was  moovered  by  trypsin^leavage  followed  by  purification  using 
ion  exchange  chromatography  and  HPLC.  rhEGF  was  99%  pure  by  reverse-phase  HPLC  and  SDS-PAGE 

withanisoelectriopointof4.6±0.2.  The  endotoxin  ievel  was  0.172  EU/mg.  The  recently  pubiished 
photochemical  conjugation  method  using  the  hetero-bifunctional  photoreactive  crosslinking  agent, 
Sulfosuccinimidyl  6-[4’azido-2'-nitcophenylamino]hexanoate  (Sulfo-SANPAH)  (Pierce  Chemical  Co., 
Rockford,  IL)  (18)  has  been  employed  in  the  synthesis  of  the  EGF-Gen  conjugate.  Sulfo-SANPAH 
modified  rhEGF  was  mixed  wilh  a  10:1  molar  ratio  of  Gen  (LC  Laboratories,  Woburn,  MA)  [50  mM 
solution  in  dimethyl  sulfoxide  (DMSO)l  and  then  irradiated  with  gentie  mixing  for  10  min  with  UV  Ught 
at  wavelengths  254-366  nm  with  a  multiband  UV  Ught-emitter  (Model  UVGH5  Mineralight;  UVP.  San 
Gabriel,  CA).  Photolytic  genemtion  of  a  reactive  singlet  nitrene  on  the  other  terminus  of  EGF^ANPAH 
in  the  presence  of  a  10-fold  molar  excess  of  differentially  hydroxyl-protected  Gen  resulted  in  the 
artacluneut  of  Gen  via  its  available  C7-hydroxyl  group  to  lysine  28  or  lysine  48  residues  of  EOF.  Excess 
Gen  in  the  reaction  mixture  was  removed  by  passage  through  a  PD-10  column,  and  12  kDa  EGF-EGF 
homoconjugates  with  or  without  conjugated  Gen  as  weU  as  higher  molecular  weight  reaction  products 
were  removed  by  size-exclusion  high-performance  Uquid  chromatogia^y  (HPLQ.  Reverse  phase  HPLC 
using  a  Hewlett-Packard  (HP)  1 100  series  HPLC  instrument  was  used  for  separation  of  EGF-Gen  torn 
EGF-S  ANPAH.  After  the  final  purification,  analytical  HPLC  was  performed  using  a  Spherisoib  ODS-2 


reverse  phase  column  (250x4  mm,  Hewlett-Packard.  Cat.#  79992402-584).  Prior  to  the  HPLC  runs,  a 
Beckman  DU  7400  spectrophotometer  was  used  to  generate  a  UV  spectrum  for  each  of  the  samples  to 
ascertain  the  Xmax  for  EGF-Gen,  EGF-SANPAH,  and  unmodified  EGF.  Each  HPLC  chromatogram  was 
subsequently  run  at  wavelengths  of  ^14, 265,  and  480  nm  using  the  multiple  wavelength  detector  option 
supplied  with  the  instrument  to  ensure  optimal  detection  of  the  individual  peaks  in  the  chromatogram. 
Analysis  was  achieved  using  a  gradient  flow  consisting  of  0%  to  100%  eluent  in  a  time  interval  of  0  to  30 
min.  Five  (iL  samples  applied  to  the  above  column  were  run  using  the  foUowing  gradient  program:  0-5 
min:  0-20%  eluent;  5-20  min:  20-100%  eluent;  25-30  min:  100%  eluent;  and  30-35  min:  100-0%  eluent. 
The  eluent  was  a  mixture  of  80%  acetonitrile  (CH3CN),  20%  HjO  and  0.1%  TFA. 


Electrospray  ionization  mass  spectrometry  (20, 21)  was  performed  using  a  PE  SCIEX  API  triple 
quadruple  mass  spectrometer  (Norwalk,  CT)  to  determine  the  the  stoichiometry  of  Gen  and  EGF  in  EGF- 
Gen.  125i.Gen  was  also  used  to  confirm  the  stoichiometry  of  Gen  and  EGF  in  EGF-Gen  and  to  verify  the 
removal  of  free  genistein  and  genistein-labeled  EGF-EGF  homoconjugates  by  the  described  purification 
procedure.  Gen  (in  65%  ethanol,  35%  phosphate  buffered  saline  [PBS],  pH  7.5)  (LC  Laboratories, 
Woburn,  MA)  was  radioiodinated  at  room  temperature  in  Reacti-Vials  containing  lodo-beads  (Pierce 
Chemical  Co.,  Rockford,  IL)  and  125i  (Na,  carrier-free,  17.4  Ci/mg,  NEN,  Boston,  MA)  as  per 
manufacturer’s  instructions  (18, 19).  The  purity  of  EGF-125i.Gen  was  assessed  by  SDS-PAGE  (20  % 
separating  gels,  nonreducing  conditions)  and  autoradiography  using  intensifying  screens  and  Kodak 
XAR-5  film.  EGF-125i_(3en  was  also  used  for  in  vitro  ligand  binding  assays  (18, 21)  and  EGF-Gen 

internalization  studies  (18). 

Breast  Cancer  Cells.  MDA-MB-231  (ATCC  HTB-26)  is  an  EGF-R  positive  breast  cancer  cell  line 
initiated  from  anaplastic  carcinoma  cells  of  a  51  year  old  patient.  BT-20  (ATCC  HTB-19)  is  another 
EGF-R  positive  breast  cancer  cell  line  isolated  from  the  primary  breast  tumor  of  a  74  year  old  patient  with 
grade  B  mammary  adenocarcinoma.  MDA-MB-23 1  and  BT-20  breast  cancer  cell  lines  were  maintained 
in  RPMI 1640  medium  supplemented  with  10  %  fetal  bovine  serum.  For  subculturing,  medium  was 

removed  from  the  flasks  containing  a  confluent  layer  of  cells,  and  fresh  0.25%  trypsin  was  added  for  1-2 
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Trypsin  was  removed  and  cultures  incubated  for  5-10  min  at  370C  untU  ceUs  detached.  Fresh 

medium  was  then  added,  cells  aspirated  and  dispensed  into  new  flasks. 


p.„,r,„g  of  EGF-‘“l-Gen  to  Breast  Cancer  Cells.  Ugand  binding  assays  using  EGF-“I-Gen  (2.0  xlO 

epm/pmol),  “I-Gen  (3.8  xl0«  cpmAtmol)  and  “I-EGF  (2.2  x  10'’  cpm/pmol;  Amersham)  were 
performed  using  standard  procedure^  as  previously  described  (18, 22).  The  ceU  lines  in  ligand  binding 
assays  included  flte  EGF-R  positive  breast  cancer  ceU  lines,  MDA-MB-231  and  BT-20,  as  weU  as  the 
EGF-R  negative  human  leukemia  ceUs  lines,  NALM^ti  (pre-B  leukemia)  and  HL-60  (promyelocytic 

leukemia). 


tamnnoeytochemistry.  Immunocytochemistry  was  used  to  (i)  examine  the  surface  expression  of  EGF-R 
on  breast  cancer  ceUs,  (ii)  evaluate  the  uptake  of  EGF-Gen  by  breast  cancer  cells  and  (iii)  examine  the 
morphologic  features  of  EGF-Gen  treated  cancer  ceUs.  In  uptake  studies,  the  culture  medium  was 
replaced  with  fresh  medium  containing  10  |lg(ml  EGF  or  EGF-Gen  and  ceUs  were  incubated  at  37oC  for 
5  min,  10  min,  15  min,  30  min,  60  min,  and  24  hours.  For  EGF-R  expression  studies,  cells  were  plated  on 
poly-L-lysine  coated  glass-bottom  35  mm  Petri  dishes  and  maintained  for  48  hr.  At  the  end  of  the 
cells  were  washed  with  PBS  and  fixed  in  2%  paraformaldehyde.  The  cells  were 

permeabUized  and  non-specific  binding  sites  were  blocked  with  2.5%  BSA  in  PBS  contaM^^^^ 

Triton  X-100  for  30  min.  To  detect  the  EQF-R®GF-Gen  complexes,  ceUs  were  incubated  with  a  mixture 


of  a  monoclonal  antibody  (1:10  dilution  in  PBS  containing  BSA  and  Triton  X-100)  directed  to  the 
extraceUular  domain  of  the  human  EGF-R  (Santa  Crux  Biotechnologies  Inc.,  Santa  Cruz,  CA)  and  a 
polyclonal  rabbit  anti-Gen  antibody  (1:500  dUution)  for  1  hr  at  room  temperature.  After  rinsing  with 
PBS.  cells  were  incubated  for  1  hr  with  a  mixture  of  a  goat  anti-mouse  IgG  antibody  conjugated  to  FTTC 
(Amersham  Cotp.,  Arlington  Heights,  IL)  at  a  dUution  of  1:40  in  PBS  and  donkey  anti-rabbit  IgG 
conjugated  toTexas  Red  (Amersham Corp.).  Cells  were  washed  in  PBS  and  counterstained  with  toto-3 

(Molecular  Probes  Inc..  Eugene.  OR)  for  10  min  at  a  dilution  of  l:100p.  Celts  were  washed  again  with 

PBS  and  the  coverslips  were  mounted  with  Vectashield  (Vector  Labs,  Burlingame,  CA)  and  viewed  with 
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aconfocal  microscope  (Bio-Rad  MRC  1024)  mounted  in  a  Nikon  Labhophol  upright  microscope.  Digital 
images  were  saved  on  a  laz  disk  and  processed  with  Adobe  Photoshop  software  (Adobe  Systems, 

Mountain  View,  CA). 

In  Vitro  Treatment  of  Cells  with  EGF-Genistein,  In  order  to  determine  the  cytotoxic  activity  of  EGF- 
Gen  against  breast  cancer  cells,  cells  in  alpha-MEM  supplemented  with  10%(v/v)  fetal  calf  serum  were 
treated  with  various  concentrations  of  EGF-Gen  for  24  hours  at  3TC,  washed  twice  in  alpha-MEM,  and 
then  used  in  either  apoptosis  assays  or  clonogenic  assays,  as  described  hereinafter.  Controls  included  (a) 
cells  treated  with  G-CSF-Gen  (an  irrelevant  cytokine-Gen  conjugate  which  does  not  react  with  EGF-R), 
(b)  cells  treated  with  unconjugated  EGF  plus  unconjugated  Gen,  (c)  ceUs  treated  with  unconjugated  Gen 
or  unconjugated  EGF,  and  (d)  cells  treated  with  PBS,  pH  7.4.  In  some  experiments,  excess  G-CSF  or 

EGF  were  added  to  the  EGF-Gen  containing  treatment  medium  to  show  that  the  cytotoxicity  of  EGF-Gen 
can  be  selectively  blocked  by  excess  EGF  but  not  G-CSF. 

Immune-Complex  Kinase  Assays  and  Anti-Phosphotyrosine  Immunoblotting.  Twenty-four  hours 
after  treatment  with  EGF-Gen,  cells  were  stimulated  with  20  ng/mL  EGF  for  5  mm,  lysed  m  1%  Nomdet- 
P-40  buffer,  and  cell  lysates  were  immunoprecipitated  with  an  anti-EGF-R  antibody  reactive  with  the 
sequence  Ala”‘-Asp^  of  the  human  EGF-R  (Upstate  Biotechnology  Inc.  [UBI]  Catalog  #  05-104).  EGF- 
R  immune  complexes  were  examined  for  tyrosine  phosphorylation  by  Western  blot  analysis,  as 
previously  described  (23).  All  anti-phosphotyrosine  Western  blots  were  subjected  to  densitometric 
scanning  vising  the  automated  AMBIS  system  (Automated  Microbiology  System,  Inc.,  San  Diego.  CA) 
and  for  each  time  point  a  %  inhibition  value  was  determined  by  comparing  the  density  ratios  of  the 
tyrosine  phosphorylated  EGF-R  protein  bands  to  those  of  the  baseline  sample  and  using  the  formula:  % 
Inhibition  =  100-  lOOx  [Density  of  tyrosine  phosphorylated  EGF-R  band]  ^  :  [Density  of  tyrosine 

phosphorylated  EGF-R  band]^,.^^^,..  The  IC50  values  were  determined  using  an  Inplot  program 
(Graphpad  Software.  Inc.,  San  Diego.  CA).  The  Src  immune  complexes  were  then  subjected  to  immune 
complex  kinase  assays,  as  described  (18, 19, 23). 
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Apoptosis  Assays.  Loose  packing  of  membrane  phosphoUpid  head  groups  and  cell  shrinkage  precede 
DN A  fragmentation  in  apoptotic  ceUs,  thereby  providing  MC540  binding  as  an  early  marker  for  apoptosis 
(24).  Plasma  membrane  permeability  to  propidium  iodide  (PI,  Sigma)  develops  at  a  later  stage  of 
apoptosis  (24).  MC540  binding  and  PI  permeabiUty  were  simultaneously  measured  in  breast  cancer  cells 
24  hours  after  exposure  to  EGF-Gen  (either  without  any  cytokine  preincubation  or  foUowmg 

preincubation  with  excess  unconjugated  EGF  or  G-CSF),  unconjugated  Gen,  unconjugated  EGF + 

unconjugated  Gen,  or  G-CSF-Gen,  as  described  (24).  Stock  solutions  of  MC540  and  PI,  each  at  1 
mg/mL,  were  passed  through  a  0.22  pm  filter  and  stored  at  4oC  in  the  dark.  Shortly  before  analysis, 
suspensions  containing  1x10^  ceUs  were  suspended  in  5  pg/mL  MC540  and  10  pg/mL  PI  and  kept  in  the 
dark  at  d^C.  Whole  cells  were  analyzed  with  a  FACStar  Plus  flow  cytometer  (Becton  Dickinson,  San 

Jose.CA).  All  analyses  were  done  using  488  nm  excitation  from  an  argon  laser.  MC540andPI 

emissions  were  spUt  with  a  600  nm  short  pass  dichroic  mirror  and  a  575  nm  band  pass  filter  was  placed  m 
front  of  one  photomultiplier  tube  to  measure  MC540  emission  amd  a  635  nm  band  pass  filter  was  used  for 
PI  emission.  To  detect  the  DNA  fragmentation  in  apoptotic  ceUs,  cells  were  h^ested  24  hours  after 
treatment  with  EGF-Gen  and  DNA  was  prepared  from  Triton-X-100  detergent  lysates  for  analysis  of 
fragmentation,  as  described  (24).  In  brief,  ceUs  were  lysed  in  hypotonic  10  mM  Tris-Cl  (pH  7.4),  1  mM 
EDTA,  0.2%  Triton-X-lOO,  and  subsequently  centrifuged  at  1 1,000  g.  This  protocol  allows  the  recovery 
of  fragmented  DNA  in  the  supernatant.  To  detect  apoptosis-associated  DNA  fragmentation,  supernatants 
were  electropheresed  on  a  1.2%  agarose  gel,  and  the  DNA  fragments  were  visualized  by  ultraviolet  tight 

after  staining  with  ethidium  bromide. 

aonogenic  Assays.  After  treatmeat  with  EGF^n,  G.«F.Gen,  unoonjugated  EGF.  uncoajugated  Gen.  or 

PBS.  oellswereresuspendedinelonogenicme<Kumcoiisistingofalpha-MEMsuppleineatedwith0.9% 

methylcellulose.  30%  fetal  bovine  serum,  and  50  pM  2-mercaptoethanol.  CeUs  were  plated  in  dupUcate  Petri 
dishes  at  100.000  cells/mUdish  and  oultumd  in  a  humidifled  5%  C02  incubator  for  7  days.  Cancer  oeU  colon 
were  enumerated  on  a  grid  using  an  inverted  phase  microscope  of  high  opUcal  resoluUon.  Results  were 

expressed  as  *  inhibition  of  clonogenie  cells  at  a  particular  concentation  of  the  test  agent  using  the  formult 
Inhibition  =  (1-  Mean#  of  colonies  (Test] /Mean#  of  eolonies  (Control))  X  100.  Furthermore,  the 
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dosesurvival  curves  were  constructed  using  the  percent  control  survival  (=  Mean  #  of  colonies[Test]  /  Mean  #  c 
colonies  [Control]  x  100)  results  for  each  drug  concentration  as  the  data  points  and  the  IC50  values  were 
calculated  The  IC50  values  were  determined  using  an  Prism  Version  H  Inplot  program  (Graphpad  Software,  In. 
San  Diego,  CA).  The  mean  IC50  values  for  EGF-Gen  and  Gen  were  compared  using  Student’s  t-tests. 

B.  RESULTS 

Composition  of  EGF-Gen  conjugate.  EGF-Gen  was  consistently  found  to  contain,  in  four  independent 
conjugations,  one  molecule  of  Gen  per  each  EGF  molecule,  as  determined  by  the  specific  activity  of  EGF- 
Gen  prepared  with  ‘“l-Genistein.  The  electrospray  ionization  mass  spectrum  of  EGF-Gen  also  showed  a 
single  7287  kDa  EGF-Gen  species  containing  one  EGF  molecule,  three  SANPAH  molecules,  and  one  Gen 
molecule.  Figure  lA  depicts  the  analytical  HPLC  chromatogram  of  purified  EGF-Gen,  which  eluted  as  a 
single  peak  at  18.84  min.  The  UV  spectral  scan  of  this  HPLC  peak  revealed  (i)  a  peak  at  a  wavelength  of 
220  nm  (due  to  peptide  bonds)  and  a  shoulder  at  280  nm  (due  to  aromatic  amino  acid  residues) 
representing  EGF,  (ii)  a  peak  at  267  nm  representing  Gen,  and  (Ui)  a  peak  at  480  nm  corresponding  to  the 
nitrobenzene  substituted  structure  in  the  SANPAH  moiety  (Figure  IB).  The  EGF-Gen  conjugate  was 
highly  stable  in  mouse,  monkey,  and  human  plasma  with  no  detectable  decrease  in  concentration,  as 
examined  by  quantitative  autoradiography  of  EGF-'“I-Gen,  as  well  as  quantitative  anti-Gen  Western  blot 
analysis  of  non-radioactive  EGF-Gen  even  after  3  days  of  continuous  incubation  at  3TC  (data  not  shown). 

Binding  of  EGF-Genistein  to  EGF-R-positive  Breast  Cancer  Cells.  We  examined  the  in  vitro  binding 
of  radioiodinated  EGF-Gen  (EGF-‘“I-Gen,  Final  concentration:  260  tiM  =  1700  ng/ml)  to  EGF-R  on 
these  breast  cancer  cells  in  the  presence  and  absence  of  100-fold  molar  excess  non-radioactive  EGF  using 
standard  ligand  binding  assays  (18. 19. 22).  EGF-125l-Gen  was  able  to  bind  to  MDA-MB-231  and  BT-20 
human  breast  cancer  cells  and  this  binding  was  blocked  by  excess  nonradioactive  EGF  (%  EGF- 
Inhibitable  Binding  =  56%  for  MDA-MB-231  and  65%  for  BT-20;  4.5  xlO*  EGF-Gen  molecules/cell  for 
MDA-MB-231  cells  and  5.7x10*  EGF-Gen  molecules/cell  for  BT-20. cells;  Table  1),  but  not  by  excess 
nonradioactive  GM-CSF.  which  was  used  as  a  control  ligand  (data  not  shown).  EGF-^^Si-Gen  did  not 
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FIGURE  1 


(A).  HPLC  Chromatogram  of  EGF-Gen.  A  sample  of  the  EGF-Gen 
conjugate  was  analyzed  on  a  Spherisorb  ODS,  250x4  mm  reverse-phase  column 
using  a  0.1%  TFA-H2O2/0.1%  TFA-80%  acetonitrile-20%  H202  gradient  as 
described  in  the  Methods.  The  retention  time  of  EGF-Gen  was  18.84  min.  The 
soUd  line  represents  the  absorbance  at  265  nm  and  the  dotted  line  reepresents  the 
absorbance  at  480  nm.  (B).  UV  Spectrum  of  the  EGF-Gen.  The  EGF-Gen 
peak  obtained  from  the  HPLC  run  shown  in  (B)  was  further  analyzed  by  the 
diodide  array  multiple  wavelength  detector,  (see  next  page) 


Relative  Absorbance  (265nm/480nm) 


figure  1 


bind  to  EGF-R  negative  HL60  or  NAIJd-6  leukemia  cell  lines.  EGF-t3en  was  as  ettecdve  as 
unoonjugated  EOF  in  blocking  the  binding  of  “I-EOF  to  breast  cancer  cells,  whereas  GM<SF  did  not 
block  the  binding  of  '“I-EGF  (Table  1).  Thus,  EGFdjen  was  able  to  bind  to  EGF-R  positive  breast 
cancer  ceUs  via  its  EGF  moiety.  However,  since  (1)  3544%  of  the  EGF-Oen  binding  to  breast  cancer 
ceUs  was  not  inhibitable  by  excess  unconjngated  EGF,  (2)  EGF-Gen  binding  not  inhibitable  by  excess 
EGF  was  also  observed  with  EGF-R  negative  leukemia  cell  lines  NALM-6  and  HL-60,  and  (3) 

Gen  showed  binding  to  aU  ceU  lines,  which  was  not  inhibitable  by  EGF,  the  Gen  moiety  as 
wen  as  non-specific  surface  adhemnce  may  also  contribute  to  the  observed  binding  of  EGl^Gen  to  breast 

cancer  cells. 

We  next  examined  the  kinetics  of  uptake  and  cytotoxicity  of  unlabcled  EGF-Gen  in  BT-20  (Figure  2)  and 
MDA-MB-231  (Figure  3)  human  breast  cancer  cells  using  immunocytochemistry  and  confocal  laser 
microscopy  for  tracing  the  internalized  EGF-R  and  EGF-Gen  molecules  as  weU  as  evaluating  the 
morphologic  changes  in  treated  cells.  EGF-Gen  was  very  similar  to  unconjngated  EGF  with  respect  to  its 
abiUty  to  bind  to  and  induce  internalization  of  EGF-R  molecules.  Within  5  min  after  exposure  to  EGF- 
Gen,  the  EGF-R/EGF-Gen  complexes  begin  being  internalized,  as  determined  by  co-localization  of  EGF- 
R  (detected  by  anti-EGF-R  antibody,  green  fluorescence)  and  EGF-Gen  (detected  by  anti-Gen  antibody, 

red  fluorescence)  in  thecytoplasm  of  treated  cells  (Figure2&Figure  3).  By  15-30  min,  the  EGF- 

RffiGF-Gen  complexes  were  detected  in  the  perinuclear  region  of  the  cells.  The  examination  of  the 
morphologic  features  of  EGF-Gen-treated'(but  not  EGF-treated)  ceUs  after  24  hours  of  exposure  showed 
distinct  changes  consistent  with  apoptosis  including  marked  shrinkage,  nuclear  ftagmentation,  and 
fonnation  of  apoptotic  bodies  (Figure  2). 

Biologic  Activity  of  EGF-Gen.  EGF-Gen  treatment  resulted  in  decreased  tyrosine  phosphoiylation  of 
the  EGF-R  in  a  dose4ependent  fashion  (Figure  4A).  Whereas  EGF-Gen  exhibited  marked  PTK- 
inhibitory  activity  in  MDR-MB-231  cells  at  concentrations  as  low  as  0.1  (iM  in  the  treatment  medium, 
unconjugated  Gen  did  not  significantly  affect  the  EGF-R  tyrosme  phosphorylation  even  at  a  10  pM 
concentration  (Figure  4A).  The  inhibitoiy  effect  of  EGF-Gen  was  blocked  by  preincubation  of  cells 
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Table  1.  Specific  binding  of  EGF-^25|.Gen  to  Breast  Cancer  Cells 


EQF.i25i^en  Binding  to  Breast  Cancer  Ceiis 


CeH  line _ 

MDA-MB-231 

BT-20 

NALM"6 

HL-60 


«)ld  +cold  Specific  InhlWteble 

EOF  (cpm)  EGF  (cpw)  binding _ binding 

4531  1983  2548  56% 

7511  2663  4848  65% 

2708  3091  0  None 

788  1346  0 _  None 


p  mol/iy  cells 

7.5 

9.5 
None 
None 


Molecules 
per  cell 

4.5x106 

5.7x106 

None 

None 


i^l-EGF  Binding  to  Breast  Cancer  Cells 


Cell  fine _ (cpm) 

MDA-MB-231  15.102 
BT-20  17.351 


4cold  Specific 
EOF  binding 
(cpm)  (cpm) 


1.100 

ND 


14.002 

ND 


InhibHable 

binding 


■KXJld 

EGF4jlen  Inhibition  by  6M-CSF  Inhibition  by 
(cpm)  EGF-Gen  (cpm)  GM-CSF 


1.398 

1.624 


15,440 

16,486 


Cell  line _ 

MDA-MB-231 

BT-20 

NALM-6 

HL-60 


EOF  (cpm)  EGF(cpm) 


852 

2439 

1098 

814 


i25i^en  Binding  to  Breast  Cancer  Cells 

EG^pm)  S  pmoino^  cells 

~0  None  None  None 

2540  0  None  None  None 

N.D.  N.D.  N.O.  N.O.  ND. 

ND.  N.D.  N.O.  N.O.  N.D. 


Eadi  cpm  determination  was  performed  in  duplicate. 


FIGURE  2 


Binding  and  Internaiixation  of  EGF-Gen  in  BT-20  Celis.  CeUs  were 
incubated  with  EGF-Gen  (10  (ig/ml)  for  the  indicated  times  (0  mm:  A,  A’;  5 
min:  B,  B’;  30  min:  C.  C’;  24  hr:  D.  D’).  CeUs  were  then  processed  for 
immunocytochemisiry  using  a  monoclonal  anti-EGF-R  antibody  and  FTTC 
conjugated  goat  anti-mouse  IgG  for  EGF-R  (green  fluorescence,  left  panel).  Gen 
was  detected  using  a  poiyclonal  anti-Gen  antibody  and  Texas  Red  conjugated  anti¬ 
rabbit  IgG  (ted  fluorescence,  tight  panel),  as  described  in  Materiais  and  Methods. 
Blue  fluorescence  represents  the  nuclei  stained  with  toto-3.  A,  A’:  BT-20  ceUs 
showed  high  level  EGF-R  expression;  no  ted  fluorescent  staining  was  observed  m 
untreated  cells  incubated  with  the  anti-Gen  antibody.  B,  B’:  Followmg  5  mm 
exposure,  EGF-Gen  was  bound  to  the  ceU  surface  EGF-R  (arrowheads)  and  the 
of  the  EGF-R  was  detected  by  cytoplasmic  green  fluorescent 
staining,  whereas  the  internalization  of  EGF-Gen  molecules  was  evident  fix)m  die 
red  fluorescent  staining.  C,  C:  By  30  min,  most  of  the  EGF-R/EGF-Gen 
complexes  were  internalized  and  deposited  in  the  perinuclear  region  (arrows). 

D,  D’:  Following  24  hr  exposure,  the  cells  lost  their  adherent  features  and 
showed  morphologic  changes  consistent  with  apoptosis  (open  arrow). 

(see  next  page) 


FIGURE  2 


FIGURE  3 


Binding  and  Internalization  of  EGF-Gen  in  MDA-MB-231  Cells.  Cells 
were  incubated  with  either  unconjugated  EGF  (10  lig/ml)  (A,  A’)  or  EGF-Geri 
(10  |Jlg/ml)  (B,  B’)  for  15  min  and  processed  for  the  detection  of  EGF-R  (green 
fluorescence;  left  panel)  and  EGF-Gen  (red  fluorescence;  right  panel)  by 
immunocytochemistry.  EGF-Gen  was  very  similar  to  EGF  with  respect  to  its 
ability  to  induce  internalization  of  the  surface  EGF-R  molecules.  Notably,  the 
intracellular  staining  patterns  for  EGF-R  and  EGF-Gen  were  very  similar,  (see 

next  page) 
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with  excess  EGF  but  not  by  excess  G-CSF.  a  control  cytokine  which  does  not  react  with  EGI^R  (Figure 
4B).  We  next  used  immune  complex  kinase  assays  to  assess  the  effects  of  EOF-Gen  on  the  enzymatic 

activities  ofEGF-R  associated  SmPTK  in  MBA-MB-231  cells.  As  shown  in  Figure  4C,  EGF-Gen 
treatment  inhibited  the  Sre  kinase.  Unlike  EGF-Gen,  a  mixture  of  unconjugated  Gen  and  EGF  or  G-CSF- 
Gen  did  not  inhibit  the  Stc  kinase  activity  in  MDA.MB-231  cells.  Thus.  EGF-Gen  is  a  potent  inhibitor 
of  both  the  BGF-R  tyrosine  kinase  as  weU  as  other  PTK  which  are  associated  with  the  EGF-R. 

Targeting  Gen  to  vital  FTK  in  leukemia  cells  results  in  apoptotic  ceU  death  (18, 19).  Furthermom,  the 
»...tn..ion  of  the  morphologic  features  of  EGF-Gen  treated  BT-20  and  MDA-MB-231  cells  by 
immunocytohemistry  suggested  that  these  ceUs  might  be  undergoing  apoptosis.  Therefore,  we  decided  to 
tormaUy  study  whether  EGF-Gen  could  trigger  apoptosis  in  breast  cancer  cells.  To  this  end,  we  first  used 
a  quantitative  flow  cytometric  apoptosis  detection  assay.  MC540  binding  and  propidium  iodide  (PI) 
penneabiUty  of  MDA-MB-23 1  breast  cancer  cells  were  simultaneously  measured  before  and  after 
tteatment  with  Ipgfml  EGF-Gen  (=0.1  pM).  IGpg/ml  EOF  (1  |iM)  plus  lOpg/ml  unconjugated  Gen  (=37 
pM).  or  ipg/ml  G-eSF-Gen.  Wheieas  less  than  10%  of  MDA-MB-231  or  BT-20  cells  showed  apoptotic 
changes  after  EGF  plus  unconjugated  Gen  treatment  or  G-CSF-Gen  treatment,  a  significant  portion  of 
cells  underwent  apoptosis  within  24  hours  alter  EGF^n  treatment  (95.1%  =  57.9%  MC540*  early  stage 
apoptosis  plus  37.2%  MC540‘/Pr  advanced  stage  apoptosis  at  24  hours)  (Ftguie  5).  Excess  EGF  (10 
pg/ml)  but  not  excess  G-CSF  (10  pg/ml)  could  prevent  EGF-Gen-induced  apoptosrs.  Thus,  EGF-Gen 
causes  apoptosis  in  an  EOF-R  specific  fashion  and  this  activity  requites  both  rts  EGF-R  bmding  growth 
factor  moiety  as  well  as  its  PTK  inhibitory  Gen  moiety. 

Asshownin  Frguieti.  DNA from Triton-X-100 lysates ofEGFGen-treatedMDA-MB-231or BT-20 

breast  cancer  cells  showed  a  ladder-like  and  dose-dependent  fragmentation  pattern,  consistent  with 
apoptosis.  The  EGF-Gen-induced  DNA  fiagmentation  was  EGF-R-specific  because  DNA  from  ceUs 
treated  with  the  control  cytokine<ien  conjugate  G-CSF-Gen  showed  no  fragmentation.  DNA 

- was  dependent  both  on  the  PTK  inhibitory  function  of  Gen  and  the  targeting  function  of 
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FIGURE  4 


Inhibitory  Activity  of  EGF-Gen  on  EGF-R-associated  PTKs  of 
Human  Breast  Cancer  Ceils.  [A]  After  a  24-hour  incubation  with  EGF-Gen 
(0.1  pM,  1.0  pM,  or  10.0  pM)  or  unconjugated  Gen  (10  pM),  MDA-MB-231 
ceUs  were  lysed  in  1%  Nonidet-P-40  buffer,  and  ceU  lysates  were 
inununoprecipitated  with  an  anti-EGF-R  antibody  reactive  with  the  sequence 
Ala«'-Asp’“  of  the  human  EGF-R.  The  EGF-R  immune  complexes  were  then 
subjected  to  APT  immunoblotting.  [B]  After  a  24-hour  incubation  with  10.0 
pg/mL  (=1.3  pM)  EGF-Gen,  MDA-MB-231  cells  were  lysed  in  1%  Nonidet-P- 
40  buffer,  cell  lysates  were  inununoprecipitated  with  an  anti-EGF-R  antibody, 
and  the  EGF-R  immune  complexes  were  subjected  to  APT  immunoblotting  as  m 
[A].  Controls  included  untreated  cells  as  weU  as  ceUs  pretreated  with  10-fold 
molar  excess  of  unconjugated  EGF  (=13  pM)  or  unconjugated  G-CSF  (13  pM) 
prior  to  EGF-Gen  incubation.  (C)  Src  immune  complex  kinase  assays  in  the 
presence  of  [y-”P]ATP  (50  pCi/pmol)  were  performed  on  the  lysates  of  MDA- 
MB-231  ceUs  treated  with  1  pg/mL  EGF-Gen  (0.1  pM),  1  pg/mL  G-CSF-Gen,  or 
1  pg/mL  EGF  (  0.1  pM)  +  1  pg/mL  Gen  (3.7  pM).  Controls  included  untreated 

cells,  (see  next  page) 


FIGURES 


EGF-Gen  Induces  Apoptosis  in  Human  Breast  Cancer  Ceils.  FACS 
correiated  two-pammeter  displays  of  MDA-MB-231  ceUs  stained  with  MC540 
and  PI  24  hours  after  treatment  with  PBS,  10  p-g/ml  EGF  +  10  pg/ml  Gen  (37 
pM),  1  pg/ml  G-CSF-Gen,  1  pg/ml  EGF-Gen  (0.1  pM),  10  pg/ml  EGF  +  1 
Hg/ml  EGF-Gen,  or  10  pg/ml  G-CSF  +  1  pg/ml  EGF-Gen.  The  percentages 
indicate  the  ftaction  of  cells  at  an  early  stage  of  apoptosis,  as  measured  by  smgle 
MC540  fluorescence,  and  the  fraction  of  ceUs  at  an  advanced  stage  of  apoptosis, 
as  measured  by  dual  MC540/PI  fluorescence,  (see  next  page) 


Log  (MC  540  Flourescence  Intensity) 


figure  5 


EGF  because  cells  treated  with  unconjugated  Gen  plus  unconjugated  EGF  did  not  show  apoptotic  DNA 
fragmentation  (Figure  6). 

We  compared  the  ability  of  equimolar  eoncentrations  of  EGF-Gen  and  unconjugated  Gen  to  induce 
apoptosis  in  dose  response  studies  using  the  MDA-MB-23 1  breast  cancer  cell  line.  Whereas  EGF-Gen 

caused  apoptosis  in  98.7  %bf  treated  breast  cancer  ceUs  at  concentraUons  as  low  as  0.1  (iM,  Gen  was 

significantly  less  active  and  caused  apoptosis  in  only  15.5%  of  the  breast  cancer  cells  even  at  a  100  pM 
concentration  (Figure  7)* 

Wenext  tested  the  anti-cancer  acdvity  of  EGF-Genlstein  against  MDA-B-231  and  BT-20  breast  cancer 

cell  lines  using  in  vitro  clonogenic  assays.  The  EGF-R  negative  leukemia  ceU  line  NALM-6  was  used  as 
a  negative  control  and  the  EGF-R  positive  prostate  cancer  ceU  line  PC-3  was  used  as  a  positive  control. 

As  shown  in  Table  2,  24  hour  treatment  with  10  pg/mL  EGF-Gen  killed  >99%  of  clonogenic  MDA- 

MB-231  and  BT-20  cells  as  weU  as  >99%  of  PC-3  ceUs,  under  conditions  which  did  not  affect  the 
clonogenic  growth  of  EGF-R  negative  NALM-6  leukemia  cells.  The  lack  of  toxicity  to  NALM-6  ceUs 
was  not  caused  by  a  ceUular  resistance  to  Gen.  because  B43-Gen,  an  aati-CD19  immunoconjugate  (18), 
killed  >99%  of  NALM-6  cells.  Unlike  EGF-Gen,  neither  EGF  (10  pg/tnL.  unmodified  or  Sulfo- 
S  ANPAH-modified)  nOr  Gen  (10  pg/mL)  were  able  to  inhibit  the  clonogenic  growth  of  EGF-R  positive 

cancer  ceU  lines.  Similarly.  G-CSF-Gen  (10  pgftnL)  did  not  affect  the  clonogenic  growth  of  these  breast 

and  prostate  cancer  ceU  lines  (Table  2).  To  more  accurately  compare  the  cytotoxic  activities  of  EGF- 
Gen  and  unconjugated  Gen.  we  performed  detaUed  dose  respond  studies  using  in  vitro  clonogenic  assays. 
As  shown  in  Figure  8,  EGFMaen  inhibited  in  each  of  3  independent  experiments  the  clonogenic  growth 
of  MDA-MB-23 1  as  weU  as  BT-20  cells  at  nanomolar  concentrations  with  mean  IC50  values  of  3ftt  3 
nM  (Range:  21  -  42  nM)  and  3(H:  10  nM  (Range;  17-64  nM),  respectively  (-196  ngfmi),  whereas 

unconjugated  Gen  elicited  substantiaUy  less  inhibitory  activity  with  >1,000  fold  higher  meanIC50 

values  (120  ±  18  pM  (Range:  99-154  pM]  for  MDA-MB-231  cells  (-M  pg/tnl)  and  1 12  ±  17  pM(Range: 
80-139  pMl  for  BT-20  ceUs  (-30  pg/ml).  The  P-values  for  the  Student's  t-test  comparisons  of  the  IC50 

values  for  EGF-Gen  vs  Gen  were  <0.001  for  both  ceU  lines.  The  1C50  values  derived  ftom  the  composite 
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FIGURE,  6 


Internucleosomal  DNA  Fragmentation  in  EGF-Gen-Treated  Breast 
Cancer  Cells.  Cells  were  harvested  24  hours  after  treatment  with  PBS  (CON), 
EGF-Gen,  G-CSF-Gen,  or  unconjugated  EGF  +  unconjugated  Gen,  and  DNA  was 
prepared  for  analysis  of  fragmentation.  DNA  was  then  separated  by 
electrophoresis  through  a  1%  agarose  gel,  and  the  DNA  bands  were  visualized  by 
UV  light  after  staining  with  ethidium  bromide.  Lane  M,  molecular  size  markers 

in  base  pairs,  (see  next  page) 


FIGURE  6 


FIGURE  7 


EGF-Gen  Induces  Apoptosis  in  Human  Breast  Cancer  Cells.  FACS 
correlated  two-parameter  displays  of  MDA-MB-23 1  ceUs  stained  with  MC540 
and  PI  24  hours  after  treatment  with  PBS,  EGF-Gen  (0.1  pM,  1.0  pM,  10  pM), 
or  unconjugated  Gen  (1.0  pM,  10  pM,  100  pM).  The  percentages  indicate  the 
fraction  of  cells  at  an  early  stage  of  apoptosis,  as  measured  by  single  MC540 
fluorescence,  and  the  fraction  of  cells  at  an  advanced  stage  of  apoptosis,  as 
measured  by  dual  MC540/PI  fluorescence.  For  each  treatment,  the  total  apoptotic 
fraction  (TAF)  (=  %  MC540  single  fluorescent  +  %  MC540/PI  double 
fluorescent)  is  also  provided,  (see  next  page) 


Table  2.  Cytotoxic  Activity  of  EGF^en  Against  Clonogenic  Breast  Cancer  Cells 


Cell  Une 

MDA-MB-231 
Breast  Cancer 


BT-20 

Breast  Cancer 


PC-3 

Prostate 

Cancer 


NALM-6 

Pre-BALL 

EGFRcH 


Treatment 

PBS 

EGF,  10  pg/mL 
Gen,  lOng/n^L 
EGF-Gen,  10  pg/mL 
GCSF-Gen,  lOng/tnL 

PBS 

EGF,  10  pg/mL 
Gen,  10  \igfmL 
EGF-Gen,  10  pg/mL 
GCSF-Gen,  10  Mg/mL 

PBS 

EGF,  10  pg/mL 
Gen,  10  ng/mL 
EGF-Gen,  10  pg/mL 
GCSF-Gen,  10  pg/mL 

PBS 

Gen,  10  pg/mL 
EGF-Gen,  10  pg/mL 
B43-Gen,10pg/mL 


Mean  No.  Colonies 
Per  1 X 10*  Cells 

394  (368,420) 
524  (512,536) 
275  (268,282) 

0  (0,0) 

395  (390,400) 

155  (1^.167) 
161  (152,170) 
117  (113,121) 

0  (0,0) 

154  (150,158) 

298  (287,309) 
355  (307,403) 
256  (253,259) 
0  (0,0) 

309  (298,320) 

214  (209,219) 
175  (162,188) 
210  (187,233) 
0  (0,0) 


Percent  Inhibition 
of  Clonogenic  Cells 

0.0 

30.2 

>99.4 

0.4 

0.0 

24.5 

>99.4 

0.6 

0.0 

14.1 
>99.7 

0.0 

18.2 
0.0 

>99.5 


optical  resolution. 


FIGURE  8 


EGF-Gen  is  more  cytotoxic  against  clonogenic  MDA-MB-231  and  BT- 
20  human  breast  cancer  cells  than  unconjugated  Gen.  MDA-MB-231 
(shown  in  [A])  and  BT-20  (shown  in  [B]  cells  were  treated  with  0.1,  0.3, 1.0,  3.0, 
10,  30,  or  100  jxM  EGF-Gen  or  equimolar  concentrations  of  unconjugated  Gen 
for  24  hours.  Subsequently,  cells  were  assayed  for  clonogenic  growth  in  vitro,  as 
described  in  Materials  and  Methods. .  The  colony  numbers  for  MDA-MB-231 
ceUs  ranged  from  385/10^  ceUs  to  510  colonies/10^  ceUs  (mean  ±  SB  =  450  ±  36 
colonies/10^  cells).  The  colony  numbers  for  BT-20  cells  ranged  from  193/10 
cells  to  276  colonies/10^  cells  (mean  ±  SE  =  224  ±  26  colonies/10^  cells). 
Composite  clonogenic  cell  survival  curves  were  generated  using  the  dose  response 
data  from  3  independent  experiments,  each  performed  in  duplicate.  Each  data 
point  on  the  composite  survival  curve  represents  the  mean  %  control  clonogenic 
cell  survival  at  a  given  drug  concentration.  The  error  bars  for  each  data  point 
are  the  standard  error  to  the  mean.  The  individual  IC50  values  for  EGF-Gen 
from  the  3  experiments  ranged  from  21nM  to  42nM  for  MDA-MB-231  cells 
(mean  ±  SE  =  30  ±  3  nM),  and  17nM  to  64  nM  for  BT-20  cells  (mean  ±  SE  =  30 
±  10  nM).  The  corresponding  IC50  values  for  Gen  ranged  from  99  pM  to  154 


HM  for  MDA-MB-aSl  cells  (mean  ±  SE  =  120  ±  18  (iM),  and  from  80  (iM  to 
139  llM  for  BT-20  ceUs  (mean  +  SE  =  112  ±  17  (iM).  The  EGF-Gen  IC50 
values  derived  from  the  composite  MDA-MB-31  and  BT-20  clonogenic  ceU 
survival  curves  were  39  nM  and  20  nM.  respectively.  By  comparison,  the  IC50 
values  of  the  composite  clonogenic  survival  curves  for  unconjugated  Gen  were 
160  \lM  and  147,  respectively-  (see  next  page) 


Gen  (lC5o=120i:18|jiM) 


EGF-Gen  (IC5„=30±3nM) 


I  I  I  ||  I  1  "I  I  I  I  I  H  •  t  •  •  ■  ^  *  *1 
1  10  100 


I  1  I  I  I  M| 

1000 


:112±17m.M) 


EGF-Gen  (1C50=30±1  OnM) 


MDA-MB-31  cloaogemc  cell  survival  curves  were  39  uM  for  EGF-Gen  and  160  for  uncoujugated 
Gen.  The  IC50  values  derived  from  the  composite  BT-20  clonogenic  cell  survival  curves  were  20  nM  for 

EGF-Gen  and  147  M-M  for  unconjugated  Gen  (Figure  8). 


C.  SUMMARY 

The  receptor  (R)  for  epidermal  growth  factor  (EOF)  is  expressed  at  high  levels  on  human  breast  cancer 
cells  and  associates  with  ErbB2,  EtbB3.  and  Src  protooncogene  family  protein  tyrosine  kinases  (PTK)  to 
form  membrane-associated  PTK  complexes  with  pivotal  signaling  functions.  Recombinant  human  EOF 
was  conjugated  to  the  soybean-derived  PTK  inhibitor  genistein  (Gen)  to  construct  an  EGF-R-directed 
cytotoxic  agent  with  PTK  inhibitory  activity.  The  EGF-Gen  conjugate  was  capable  of  binding  to  and 
entering  EGF-R-positive  MDA-MB-23 1  and  BT-20  breast  cancer  cells  (but  not  EGF-R-negative  N  ALM- 
6  or  HL-60  leukemia  cells)  via  its  EGF  moiety  and  it  effectively  competed  with  unconjugated  EOF  for 
target  EGF-R  molecules  in  Ugand  binding  assays.  EGF-Gen  inhibited  the  EGF-R  tyrosine  kinase  in 
breast  cancer  cells  at  nanomolar  concentrations  with  an  IC50  value  of  2.9  nM,  whereas  the  IC50  value 
for  unconjugated  Gen  was  >100  pM.  Notably,  EGF-Gen  triggered  a  rapid  apoptotic  cell  death  in  MDA- 
MB-23  1  as  well  as  BT-20  breast  cancer  cells  at  nanomolar  concentrations.  The  EGF-Gen  induced 
apoptosis  was  EGF  receptor-specific  because  cells  treated  with  the  control  granulocyte-colony  stimulating 
factor  (G-CSF)-Gen  conjugate  did  not  become  apoptotic.  Apoptosis  was  dependent  both  on  the  PTK 
inhibitory  function  of  Gen  and  the  targeting  function  of  EGF  because  cells  treated  with  unconjugated  Gen 
pte  unconjugated  EGF  did  not  undergo  apoptosis.  The  IC50  values  of  EOF-Oen  versus  unconjugated 
Gen  against  MDA-MB-231  and  BT-20  cells  in  clonogenic  assays  were  301: 3  nM  versus  120  ±  18  pM 
(P<0.001)  and  30  ±  10  iiM  versus  112  ±  17  pM  (P<0.001),  respectively.  Thus,  the  EGF-Oen  conjugate  is 
a  >1, 000-fold  mote  potent  inhibitor  of  EGF-R  tyrosine  kinase  activity  in  intact  breast  cancer  cells  than 
.gated  Gen  and  a  >1, 000-fold  more  potent  cytotoxic  agent  against  EGF-R*  human  breast  cancer 
cells  than  unconjugated  Gen.  Taken  together,  these  results  indicate  that  the  EGF-R-associated  PTK 
eomplexes  have  vital  anti-apoptoUc  functions  in  human  breast  cancer  cells  and  may  therefote  be  used  as 

therapeutic  targets. 
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11.2.  IN  VIVO  STUDIES 


A.  EXPERIMENTAL  METHODS 

Preparation  of  the  EGF-Genistein  Conjugate.  EGF-Gen  was  produced  by  conjugating  recombinant 

human  EGF  to  genistein  (Gen)  according  to  a  recently  published  photochemical  conjugation  method 
using  the  hetero-bifunctional  photoreactive  crosslinking  agent,  Sulfosuccinimidyl  6-[4’azido-2’- 
nitrophenylaminolhexanoate  (Sulfo-SANPAH)  (Pierce  Chemical  Co.,  Rockford,  IL).  as  previously 
described  in  detail  (18).  The  chemical  composition  and  in  vitro  biologic  activity  of  EGF-Gen  were 

previously  reported  (18). 

Cross-reactivity  of  Human  EGF  and  Anti-Human  EGF-R  Antibodies  with  Mouse  EGF-R.  Livers 
and  thymus  of  B  ALB/c  mice  were  frozen  in  liquid  nitrogen  and  5  pm  thick  tissue  sections  were  prepared 
using  a  cryostat.  The  sections  were  fixed  in  2%  paraformaldehyde  (pH  7.4)  and  processed  for  standard 
indirect  immunofluorescence  using  a  monoclonal  antibody  directed  to  the  extracellular  domain  of  the 
human  EGF-R  (Santa  Cruz  Biotechnologies,  Inc.,  Santa  Cruz,  CA)  as  the  primary  antibody  and  a  goat 
anti-mouse  IgG  conjugated  to  FTTC  (Amersham  Corp.,  ArUngton  Heights,  IL)  as  the  secondary  antibody. 

In  parallel,  sections  were  also  stained  by  direct  immunofluorescence  staining  techniques  with  FTTC- 
conjugated  EGF  (Molecular  Probes,  Inc.,  Eugene,  OR)  in  Hank’s  Balanced  Salt  buffer  containing  BSA, 
0.1%  sodium  azide,  and  20  mM  HEPES  (pH  7.0)  according  to  the  manufacturer’s  recommendations. 
Coverslips  were  mounted  with  Vectashield  containing  propidium  iodide  (Vector  Labs,  Burlingame,  CA) 

to  stain  the  nuclei. 

Mouse  Toxicity  Studies.  The  toxicity  profile  of  EQF-Qen  in  BALB/c  mice  was  examined,  as 
previously  reported  tor  other  biotherapeutic  agents  (19. 21).  All  BALB/c  mice  used  in  the  toxicity  studies 
were  obtained  from  the  specific  pathogen  free  (SPF)  breeding  facilities  of  the  National  Institutes  of  Health 
(NIH;  Bethesda,  MD)  at  6  -  8  weeks  of  age.  The  mice  were  housed  in  an  American  Association  tor  the 
Assessment  and  Accreditation  of  Laboratory  Animal  Care  (AAALAO-approved  specific  pathogen-free 
mouse  facility.  All  husbandry  and  experimental  contact  made  with  the  mice  maintained  SPF  conditions. 
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The  mice  were  kept  in  Micro-Isolator  cages  (Lab  Products,  Inc.,  Maywood,  NY)  containing  autoclaved 
food,  water  and  bedding.  Female  BALB/c  mice  were  used  and  monitored  daily  for  lethargy,  cleanliness 
and  morbidity.  At  the  time  of  death,  necropsies  were  performed  and  the  toxic  effects  of 
immunoconjugate  administration  were  assessed.  For  histopathologic  studies,  tissues  were  fixed  in  10% 
neutral  buffered  formalin,  dehydrated,  and  embedded  in  paraffin  by  routine  methods.  Glass  slides  with 
affixed  6  micron  tissue  sections  were  prepared  and  stained  with  Hemotoxylin  and  Eosin  (H&E). 

In  single  dose  toxicity  studies,  female  BALB/c  mice  were  administered  an  i.p.  bolus  injection  of  EGF- 
Gen  in  0.2  ml  PBS,  or  0.2  ml  PBS  alone  (control  mice).  In  cumulative  toxicity  studies,  mice  received  a 
total  of  2800  (=140  mg/kg)  EGF-Gen  i.p.  over  28  consecutive  days.  No  sedation  or  anesthesia  was 

used  throughout  the  treatment  period.  Mice  were  monitored  daily  for  mortality  for  determination  of  the 
day  30  LD50  values.  Mice  surviving  until  the  end  of  the  30  days  monitoring  were  sacrificed  and  the 
tissues  were  immediately  collected  from  randomly  selected  mice,  and  preserved  in  10%  neutral  buffered 

formalin.  Standard  tissues  collected  for  histologic  evaluation  included;  bone,  bone  marrow,  brain, 

cecum,  heart,  kidney,  large  intestine,  liver,  lung,  lymph  node,  ovary,  pancreas,  skeletal  muscle,  skin,  small 
intestine,  spleen,  stomach,  thymus,  thyroid  gland,  urinary  bladder,  and  uterus  (as  available). 

Breast  Cancer  Cells.  MDA-MB-23 1  (ATCC  HTB-26)  is  an  EGF-R  positive  breast  cancer  cell  line 
initiated  from  anaplastic  carcinoma  cells  of  a  5 1  year  old  patient  MDA-MB-23 1  cell  line  was  maintained 
in  RPMI 1640  medium  supplemented  with  10  %  fetal  bovine  serum.  For  subculturing,  medium  was 
removed  from  the  flasks  containing  a  confluent  layer  of  cells,  and  fresh  0.25%  trypsin  was  added  for  1-2 
min.  Trypsin  was  removed  and  cultures  incubated  for  5-10  min  at  37®C  until  cells  detached.  Ftes 
medium  was  then  added,  cells  aspirated  and  dispensed  into  new  flasks. 

In  some  experiments,  the  cytotoxic  activity  of  plasma  samples  from  EGF-Gen  treated  cynomolgus 

monkeys  was  examined  using  a  methylcellulose  colony  assay  system  (18, 22).  In  brief,  MDA-MB-231 

cells  (lO’/mL  in  RPMI  +  10%  FBS)  were  treated  overnight  at  37’’C  with  1;  20  (v/v)  PBS-diluted  plasma 

samples  from  EGF-Gen-treated  monkeys.  After  treatment,  cells  were  washed  twice,  plated  at  10« 
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cclls/mL  in  RPMI  +  10%  FBS  +  0.9%  methylcellulose  in  Petri  dishes,  and  cultured  for  7  days  at  37°C  in  a 
humidified  5%  C02  incubator.  Subsequently,  MDA-MB-231  colonies  containing  >  20  cells  were 
enumerated  using  a  inverted  phase-contrast  microscope  and  the  %  inhibition  of  colony  formation  was 
calculated  using  the  formula:  %  Inhibition  =  1  -  (Mean  No.  Colonies  in  Test  CultureMean  No.  Colonies 
in  Control  Culture)xl00.  In  some  experiments,  excess  unconjugated  EOF  was  added  to  the  plasma 
samples  to  block  the  action  of  EGF-Gen  by  competing  for  the  EGF-R  on  cancer  cells.  Excess  G-CSF 

was  used  as  a  control. 

Maintenance  of  SCID  Mouse  Colony.  The  SCID  mice  were  housed  in  an  AAALAC-approved  specific 
pathogen-free  facility.  Animal  housing  was  located  in  a  secure  indoor  facility  with  controlled 
temperature,  humidity,  and  noise  levels.  The  SCID  mice  were  housed  in  microisolater  cages  which  were 
autoclaved  with  rodent  chow.  Water  was  also  autoclaved  and  supplemented  with 
trimethoprim/sulfomethoxazol  3  days/week. 

SCID  Mouse  Xenograft  Model  of  Human  Breast  Cancer.  The  left  hind  legs  of  the  CB.  17  SCID  mice 

were  inoculated  s.c.  with  lxl06  mDA-MB-231  breast  cancer  cells  in  0.2  mL  PBS. 

SCID  mice  inoculated  with  human  breast  cancer  cells  were  treated  with  EGF-Gen  (0.2  p.g/dose  =  10 
^gAcg/dose  or  2.0  |tg/dose  =  100  jig/kg/dose  in  0.2  ml  PBS)  with  daily  i.p  doses  for  10  treatment  days 
starting  the  day  after  inoculation  of  cancer  cells.  Daily  treatments  with  PBS,  10  \Lg  (=500  p-gdeg)  G-CSF- 
Gen,  10  lig  Gen  (=500  jig/kg)  combined  with  10  jtg  (500  iig/kg)  EGF  or  10  ng  (500  ^ig/kg)  Gen  alone 
were  used  as  controls.  50  \Lg  (2.5  mgdeg)  Adriamycin  (Ben  Venue  Laboratories,  Inc.,  Bedford,  OH 
44146)  or  9.3  [ig  (=  465  jig/kg)  methotrexate  (Lederle  Parenterals,  Inc.,  Carolina,  Puerto  Rico  00630) 
were  given  as  single  dose  i.p.  bolus  injections  on  the  day  after  inoculation  of  cancer  cells.  1  mg  (50 
mg/kg)  cyclophosphamide  (Bristol-Myers  Squibb  Co.,  Princeton,  New  Jersey  08543)  was  injected  i.p.  on 
two  consecutive  days  starting  the  day  after  inoculation  of  cancer  cells.  Mice  were  monitored  daily  for 
health  status  and  tumor  growth,  and  were  sacrificed  if  they  became  moribund,  developed  tumors  which 
impeded  their  ability  to  attain  food  or  water,  or  at  the  end  of  the  7-month  observation  period.  For 
histopathologic  studies,  tissues  were  fixed  in  10%  neutral  buffered  formalin,  dehydrated,  and  embedded 
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in  paraffin  by  routine  methods.  Glass  slides  with  affixed  6  micron  tissue  sections  were  prepared  and 
stained  with  hematoxylin/eosin.  Primary  endpoinu  of  interest  were  tumor  growth  and  tumor  -free 


survival  outcome.  Estimation  of  life  table  outcome  and  comparisons  of  outcome  between  groups  were 
done,  as  previously  reported  (19-21).  The  efficacy  of  EGF-Gen  against  established  tumors  was  examined 


by  treating  SCDD  mice 


with  subcutaneous  MDA-MB-231  xenografts  of  0.5  cm  or  1.0  diameter  with  100 


pgfitg/day  EGF-Gen  i.p  on  10  consecutive  days  and  determining  the  tumor  diameter  daily  for  20  days 
from  the  start  of  therapy.  Control  mice  were  treated  with  0.2  ml  PBS  for  10  consecutive  days. 


Cynomolgus  Monkey  Experiments.  Female  cynomolgus  monkeys  were  obtained  from  BioMedical 
Resources  Foundation  of  Houston,  TX.  The  monkeys  were  housed  in  the  AAALAC-accredtted  pnmate 
facility.  The  monkeys  were  singly  housed  in  stainless  steel  cages  and  provided  with  toys  and  treats  for 
enrichment.  Prior  to  entering  the  study,  the  monkeys  were  housed  in  a  quarantine-room  in  the  same 
facility  for  6  weeks.  During  this  time,  they  were  TB-tested  three  times,  serologically  screened  for  Herpes 
virus  simiae,  and  screened  for  enteric  bacterial,  protozoal,  and  helminth  pathogens.  In  pharmacodynamic 
studies,  monkeys  were  fasted  overnight  prior  to  anesthesia  and  treatment.  After  induction  of  anesthesia 
(Ketamine  hydrochloride  10-15  mgficg),  a  catheter  was  placed  percutaneotisly  either  into  the  right  or  left 
cephalic  vein  using  a  sterile  disposable  kit.  This  catheter  was  taped  in  place  for  administration  of  EGF- 
Gen  or  maintenance  fluids  (Normal  saline  at  4  mlftgte  via  an  infusion  pump)  and  for  drawing  of  blood 

samples.  A  Harvard  infusion  pump  was  used  to  administer  EGF-Gen  as  a  constant  intravenous  infusion 

over  a  1  hour  period. 

Pharmacokinetic  Studies.  Tissue  distribution  studies  in  SOD  mice  were  performed  using  EGF-l^I- 
Gen  and  l^Sf^jen,  as  described  in  detaii  in  previous  publications  from  our  laboratory  (19).  A  flow- 
limited  physiological  pharmacokinetic  modei  was  u^  to  characterize  the  tissue  dUposition  of  EGF43en 
in  non-tumor  bearing  as  weil  as  tumor  bearing  SCID  mice  (19, 23).  Tissue  voiumes  and  plasma  flow 
rates  were  those  previously  described  for  mice  (24).  A  set  of  Unear  differential  equations  describing  the 
mass  balances  of  each  model  compartment  was  used  to  estimate  tissue  partition  coefficients  (i.e.,  the  ratio 
of  the  drag  concentration  in  the  tissue  of  interest  to  the  drag  concentration  in  the  plasma  at  equtlibrmm) 
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for  each  organ.  These  differential  equations  were  simultaneously  solved  using  the  ADAPT  H  software 
(25).  Biliary  excretion  and  gut  reabsortion  were  incorporated  into  the  physiological  model  m  the  form  of 
saturable  processes,  based  on  previous  studies  establishing  saturable  biliary  excretion  of  unconjugated 
recombinant  human  EGF  (26).  In  plasma  half-life  studies  in  SCID  mice  and  cynomolgus  monkeys,  the 
EGF-Gen  conjugate  concentrations  were  measured  in  the  plasma  samples  using  the  EGF  Quantikine 
ELISA  kit  from  R&D  Systems,  a  quantitative  sandwich  enzyme  immunoassay,  which  allows  the 
detection  of  the  EGF-Gen  conjugate  via  its  EGF  moiety.  In  these  studies,  EGF-Gen  was  administered  to 
SCID  mice  by  intraperitoneal  injection  at  doses  of  100  p-g/kg  and  1  mg/kg.  Four  mice  were  used  at  each 
dose  level,  and  blood  samples  were  obtained  at  six  non-overlapping  time  points  from  each  pair  of  mice. 
Mice  were  serially  bled  by  retroorbital  puncture  at  0  min,  10  min.  30  min,  1  hour,  2  hours,  4  hours,  and 
12  hours  following  the  administration  of  the  first  bolus  dose  of  EGF-Gen.  In  cynomolgus  monkeys, 
EGF-Gen  was  administered  on  each  of  the  10  treatment  days  intravenously  over  1  hour  and  plasma 
samples  were  obtained  at  0  min,  30  min,  45  min,  1  hour,  2  hours,  4  hours,  8  hours,  and  12  hours  post¬ 
infusion  time  points  after  the  first  dose  of  EGF-Gen.  A  two  compartment  first-order  pharmacokinetic 
model  was  fit  to  the  plasma  concentration-versus-time  data  for  EGF-Gen.  Maximum  likelihood 
estimation  as  implemented  in  ADAPT  H  software,  was  used  to  estimate  the  central  compartment  volume 
of  distribution,  elimination  rate  constant,  and  distribution  rate  constants  for  EGF-Gen,  as  previously 
described  (19-21,25). 


B.  RESULTS 

Biodistribution  and  Toxicity  of  EGF-Gen  in  Mice.  Human  EGF  binds  to  murine  EGF-R  in  mouse 

tissues,  as  determined  by  immunocytochemistry  (Figure  9).  Because  of  the  crossreactivity  of  human 

EGF  and  EGF-Gen  with  murine  EGF-R,  we  decided  to  use  mice  in  the  initial  evaluation  of  the 
biodistribution  and  toxicity  of  EGF-Gen.  Tissue  distribution  studies  were  performed  using  EGF-125i- 
Gen  and  a  flow-limited  physiological  pharmacokinetic  model  was  used  to  charactenze  the  in  vivo  tissue 
disposition  of  EGF-Gen  in  non-tumor  bearing  as  well  as  tumor  bearing  SCID  nuce.  For  each  organ,  the 
partition  coefficients  (i.e.,  R  values  =  the  tissue-to-plasma  equilibrium  distribution  ratios  for  linear 
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binding)  we.e  determined,  as  previously  described  (19).  When  compared  to  unconjugated  Gen,  a  much 
greater  amount  of  EGF-Gen  parUUoned  to  bone  marrow  (R  bone  marrow:  0.00008  ml/g  for  Gen  vs  0.53 
ml/g  for  EGF-Gen),  spleen  (R  spleen:  0.04  ml/g  for  Gen  vs  5.28  ml/g  for  EGF-Gen),  liver  (R  liver:  0.50 
ml/g  for  Gen  vs  7.40  ml/g  for  EGF-Gen),  kidney  (R  kidney:  0.25  ml/g  for  Gen  vs  0.93  ml/g  for  EGF- 
Gen),  and  lungs  (R  lungs:  0.53  ml/g  for  Gen  vs  1 .44  ml/g  for  EGF-Gen)  (Table  3).  In  both  tumor 
bearing  and  non-tumor  bearing  mice,  EGF-Gen  most  extensively  partitioned  to  the  liver  with  tissue  drug 
concentrations  exceeding  plasma  concentrations  more  than  seven  times  (P<0.05)  (Table  3).  By  contrast, 
very  little  EGF-Gen  partitioned  to  the  subcutaneous  xenografts  in  tumor  bearing  SCID  mice.  The 
partition  coefficients  for  the  liver  and  mmor  were  8.2  and  0.2,  respectively  (Table  3). 

In  toxicity  studies,  28  female  B  ALB/c  mice  were  injected  intraperitoneally  with  a  single  bolus  dose  of  2 
pg  (=100  ttgtitg)  -  800  jig  (=40  mgdeg)  EGF-Gen  in  0.2  ml  PBS.  EGF-Gen  was  not  toxic  to  mice  at  any 
of  these  dose  levels;  none  of  the  mice  experience!  any  side  effects  or  died  of  toxicity  during  the  30  day 

observation  period.  Even  at  the  highest  doses  ofdOOpg  or  800  pg  (=  40  mgtitg)  EGF-Gen,  micedid 
not  become  weak  or  lethargic,  lose  weight,  or  develop  diarrhea  or  ascraffyskin.  When  mice  were 

nested  with  multiple  doses  of  EGF-Gen  at  a  total  dose  level  of  2.8  mg  (=140  mgtieg)  according  to  a  100 
pg/mouse/day  (=  5  mgfttg/day)  x  28  days  schedule,  no  significant  toxicity  was  observed  and  none  of  the 
10  mice  died.  No  histopathologic  lesions  were  found  in  any  of  the  organs  of  EGF-Gen  treated  mice 
receiving  a  single  dose  or  multiple  doses  of  EGF-Gen,  including  the  liver  which  had  the  highest  partition 
coefficient  in  tissue  distribution  studies.  '  Thus,  the  maximum  tolerated  dose  (MTD  -  LDIO)  of  EGF- 
Gen  was  not  reached  at  the  40  mgfitg  single  dose  level  or  the  140  tngdtg  cumulative  dose  level. 

InVivo  Anti-tomor  Activity  of  EGF-Gen  m  a  SCID  Mouse  Xenograft  Model  of  Human  Breast 

Cancer.  CB.l?  SCID  mice  developed  rapidly  growing  tumors  after  subcutaneous  inoculation  of  IxloS 
MDA-MB-231  cells.  We  examined  the  in  vivo  anti-tumor  activity  of  EGF-Gen  in  this  SCID  mouse 
xenograft  model  of  human  breast  cancer.  EGF-Gen  significantly  improved  tumor-free  survival  in  a 

dose-dependent  fashion,  when  it  was  administered  24  hours  after  inoculation  of  tumor  cells.  At  a  dose 


level  of  100 


pg/kg/d  X  10  days  (1  mgfltg  total  dose),  which  is  >100-fold  less  than  the  highest  tested  and 
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FIGURE  9 


Binding  of  Anti-Human  EGF-R  Antibody  and  Human  EGF  to  EGF-R 
on  Murine  Hepatocytes.  [A]  Expression  of  EGF-R  (green  fluorescence)  on 
the  hepatocytes  as  shown  by  crossreactivity  of  anti-human  EGF-R  antibody.  [B] 
Lack  of  binding  of  FITC-conjugated  human  EGF  (green  fluorescence)  to  murine 
thymocytes.  [C]  Binding  of  FITC-conjugated  human  EGF  (green  fluorescence) 
to  murine  hepatocytes.  Red  fluorescence  represents  the  propidium  iodide  staining 


of  the  nuclei,  (see  next  page) 


FIGURE  9 


Table  3.  Tissue  Distribution  Parameters  for  EGF-GenIsteIn  and 
GenIsteIn  In  SCID  Mice. 


Tissue 


Brain 

Heart 

Skin 

Muscie 

Bone  marrow 

Stomach 

Spieen 

Lungs 

Kidney 

Liver 

intestine 

Tumor 


EGF-Gen 


No  Tumor  Tumor  No  Tumor 


Linear  binding  constant  (R) 

0.05  0.05  0.03 

0.38  0.35  0.34 

0.20  0.15  0.21 

0.11  0.09  0.09 

0,53  0.42  0.00008 

1.00  1.13  N.D. 

5  28  3.87  0.04 

1.44  0.84  0.53 

0.93  0.86  0.25 

7.40  8.15  0.50 

0.86  1.08  N.D. 

N.A.  0.16  N.A. 


A  flow-limited  physiological  pharmacokinetic  model  was  used  to  characterize 
SSrSSn  of  both  drugs  In  mioo.  Volume  terms  and  flow  rates  were 

for  i-io®  (23)-  A  set  Of  dilfer^tlal  eq^bo.^ 
describinq  the  mass  balances  of  each  model  compartment  was  used  to 
e^e  linear  binding  cor^tants  for  each  orga-  Th^e  ^uatons 

were  simultaneously  solved  with  the  use  of  ADAPT  n  software  (25).  R.  tssue 
to-plasma  equilibrium  distribution  ratio  for  linear  binding  in  ml/g.  N.A..  not 

applicable. 


nontoxic  cumulative  dose  (i.e.,  140  mgAcg)  in  mice,  EGF-Gen  was  more  effective  than 
cyclophosphamide  (50  mgAcg/d  x  2  days),  adriamycin  (2.5  mgdcg  x  1)  or  methotrexate  (0.5  mg/kg  x  1), 
the  most  widely  used  standard  chemotherapeutic  drugs  for  breast  cancer.  Figure  10  shows  the  tumor- 
free  survival  outcome  of  SCID  mice  treated  with  EGF-Gen,  chemotherapeutic  drugs  (CHEMO  = 
cyclophosphamide,  adriamycin,  or  methotrexate),  or  control  agents  after  inoculation  with  MDA-MB-231 
breast  cancer  cells.  None  of  the  60  control  mice  (CON)  treated  with  PBS  (N=40),  G-CSF-Gen  (100 
jlg/kg/day)(N=10),  or  unconjugated  Gen  (100  ng/kg/day)  (N=10)  remained  aUve  tumor-free  beyond 
108  days  (median  tumor-free  survival  =  52  days)  (Figure  lOA).  All  of  the  10  mice  treated  with  EGF 
plus  Gen  developed  tumors  within  45  days  with  a  median  tumor-free  survival  of  only  39  days.  Tumors 
reached  a  size  of  0.5  cm’  by  84±3  days  in  PBS,  G-CSF-Gen,  or  Gen  treated  CON  mice,  62±  1  days  in 
EGF  plus  Gen  treated  mice,  and  77  ±  16  days  in  the  CHEMO  group  (Figure  lOB).  Within  the  CHEMO 
group,  aU  of  the  adriamycin-treated  mice  developed  rapidly  growing  tumors  with  a  median  tumor-free 
survival  time  of  only  42  days.  Tumors  reached  a  size  of  0.5  cm’  by  92  ±  6  days  in  cyclophosphamide- 
treated  mice,  72  ±  5  days  in  adriamycin  treated  mice,  and  71  ±  5  days  in  methotrexate-treated  mice.  By 
comparison,  40  ±  16%  of  mice  treated  for  10  consecutive  days  with  10  p,g/kg/day  EGF-Gen  survived 
.  tumor-free  beyond  3  months  and  20  ±  13%  were  stiU  alive  tumor-free  at  7  months  (median  tumor-free 
survival  time  =  97  days;  CON  vs  10  jig/kg/day  EGF-Gen,  P<0.0001  by  log-rank  test).  Remarkably,  60 
±  16%  of  mice  treated  for  10  consecutive  days  with  100  Jigdcg/day  EGF-Gen  remained  alive  free  of 
detectable  tumors  for  more  than  7  months  (CON  vs  100  pgdcgday  EGF-Gen,  P<0.00001  by  log-rank  test) 
(Figure  10).  Tumors  developing  in  EGF-Gen-treated  mice  reached  the  0.5  cm’  tumor  size  much  later 
than  control  mice  (1 14  ±  8  days  [10  Jtg/kg/day  dose  level]  and  129  ±  14  days  [100  [tg/kg/day  dose  level] 
vs  84±  3  days,  P=0.007  (10  pg/kg/day  dose  level)  and  P<d).001  (100  pg/kg/day  dose  level)).  The  average 
size  (mean  ±  SE)  of  tumors  at  90  days  and  120  days  were  0.257±0.059  cm’  and  0.822±0.146  cm’, 
respectively  for  mice  in  the  CON  group.  By  comparison,  the  average  size  (mean  ±  SE)  of  tumors  at  90 
days  and  120  days  were  significantly  smaller  at  0.013±  0.007  cm’  (P=0.009)  and  0.166  ±  0.083  cm’ 
(P=0.006)  for  mice  treated  with  EGF-Gen  at  100  pg/kg/day  dose  level.  Thus,  EGF-Gen  elicited 
significant  in  vivo  anti-tumor  activity  at  non-toxic  doses.  The  inability  of  10  pg  (=500  pg/kg)/day  x  10 
days  of  unconjugated  Gen  (=  37,000  pmols)  in  combination  with  unconjugated  EGF  to  confer  tumor-free 


22 


FIGURE  10 


Antitumor  Activity  of  EGF-Gen  Against  Human  Breast  Cancer  in 
sen)  Micei  Tumor  free  survival  curves  (shown  in  A)  and  life-table  analysis  of 
tumor-free  survival  outcome  (shown  in  B)  of  SCID  mice  challenged  with  1x10^ 
MDA-MB-231  cells.  Twenty-four  hours  after  s.c.  inoculation  of  cancer  cells, 
mice  received  EGF-Gen  (10  |xg/kg/day  x  10  days,  N=10,  or  100  jxg/kg/day  x  10 
days,  N=10),  EGF  (500  jig/kg/day  x  10  days)  +  Gen  (500  jig/kg/day  x  10  days) 
(N=15),  or  chemotherapy  (N=20)  (i.e.,  cyclophosphamide  ,  50  mgdrg/day  x  2 
days;  adriamycin,  2.5  mg/kg  single  bolus  dose;  or  methotrexate,  0.5  mg/kg 
single  bolus  dose),  as  described  in  Materials  and  Methods.  Controls  (N=60)  were 
treated  with  PBS,  G-CSF-Gen  (500  jig/kg/day  x  10  days),  or  Gen  (500  llg/kg/day 

X  10  days).  *  The  P-values  for  tumor-free  survival  comparisons  were  determined 

* 

using  the  log-rank  test,  whereas  the  P-values  for  the  average  time  to  0.5  cm’ 
tumor  size  were  determined  using  student  t-tests.  (see  next  page) 


survival  in  this  SCID  mouse  modei  in  contrast  to  the  potency  of  2  pg  (  1<W  itg/hgVday  x  iO  days  EOF 
Gen  containing  309  pmols  of  Gen  demonstrates  that  (a)  the  in  vivo  anti-tumor  activity  of  EOF-Gen 
cannot  be  attributed  to  its  EOF  moiety  alone  and  (b)  conjugadon  to  EOF  enhances  the  anU-tnmor  acUvity 

of  Gen  against  breast  cancer  cells  by  >100-told. 

In  contrast  to  EGF-Gen,  cyclophosphamide  (50  mgdtg/day  x  2  days;  N=5),  adriamycin  (2.5  mgflcg. 
N=10),  or  methotrexate  (0,5  mgfkg,  N=5)  did  not  significanUy  affect  tumor  development  in  this  SOD 
mouse  model.  Of  the  20  mice  treated  with  one  of  these  chemotherapeuUc  drugs,  only  10±7  % 
remained  tumor-free  beyond  3  months,  which  indicates  no  improvement  over  the  control  group  and  a 
worse  tumor-free  survival  outcome  compared  to  the  2.0  pg/day  EGF-Gen  group  (median  mmor-ftee 
snrvival  =  48days;  CON  vs  CHEMO.  P=  0.32;  EGF-Gen,  2.0  pg/day  vs  CHEMO,  P<0.05)  (Figure 

lOB) 


Furthermore,  treating  SCID  mice  with  established  subcutaneous  human  breast  cancer  xenografts  of  0.5 
cm  diameter  with  EGF-Gen  at  this  dose  level  resulted  in  eradication  of  the  tumors  in  2  of  5  mice  and 
>50%  shrinkage  in  3  of  5  mice  within  10  days.  The  day  10  diameters  of  tumors  in  the  EGF-Gen  treated 

group  were0.1  cm.  0.0  cm,  0.0  cm,  0.2  cm,  and0.1cmwithamean(±SE)  diameter  of  0,08±0.04  cm 

(Figure  llA).  There  was  no  significant  tumor  progression  between  days  10  and  20  in  this  group  of  mice. 

The  day  20  tumor  diameters  were  0.3  cm.  0.0  cm,  0.0  cm,  0.1  cm,  and  0.2  cm  with  a  mean  (±SE) 
diameter  of  0.12  ±  0.06  cm.  In  contrast  to  the  tnmors  in  EOF-Gen-treated  mice,  aU  of  the  control  mrnors 
in  5  PBS  treated  mice  as  weU  as  5  mice  treated  with  unconjugated  Gen  (1  mgfltg/day  x  10  days  )  showed 
>200%  increase  in  diameter  within  10  days;  The  day  10  tumor  diameters  ranged  from  1 .0  to  1.4  cm 
(mean  ±SE  =  1.24  ±0.08  cm)  in  PBS-treated  mice  and  from  1.2  to  1.4  cm  (mean  ±SE=  1.28  ±0.04  cm)  in 
Gen-treated  mice  (P  values  <0.0001  for  EGF-Gen  vs  PBS  as  weU  as  EOF-Gen  vs  Gen).  These  tumors 
continued  their  rapidly  progressive  growth  and  the  day  20  dimaters  ranged  from  1.8  to  2.6  cm  (mean 
±SE=  2.20±0.16  cm)  in  PBS-treated  mice  and  from  1.9  to  2.4  (mean  ±SE  =  2.12  ±  0.10  cm)  in  Gen- 

treated  mice  (Figure  llA). 
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EGF-Gen  treatment  significantly  reduced  the  growth  rate  of  breast  cancer  xenografts  of  1 .0  cm  diameter 
during  the  20-day  observation  period  but  unlike  with  tumors  of  0.5  cm  diameter,  it  failed  to  cause 
shrinkage  or  disappearance  of  these  larger  tumors  (Figure  IIB).  The  day  10  tumor  diameters  ranged 
from  2.4  to  3.3  cm  (mean  ±  SE  =  2.90  ±  0.21  cm)  in  PBS-treated  mice  and  from  2.3  to  3.5  cm  (mean  + 
SE  =  2.90  ±  0.25  cm)  in  Gen-treated  mice.  By  comparison,  the  tumor  diameters  m  EGF-Gen-treated 
mice  ranged  from  1.3  to  2.3  cm  (mean  ±  SE  =  1.70  ±  0.23  cm)  (P  valuues:  EGF-Gen  vs  PBS  =  0.008; 

EGF-Gen  vs  Gen  =  0.009)  (Figure  IIB). 


mnvo  Pharmacokmetic  Features  ot  EGF-Gen  In  SCID  mice.  We  sought  to  detetmiae  the 
therapeutic  systemic  exposure  ieveis  of  EGF-Gen  by  examining  its  phatmacokineUcs  when  administered 
at  dose  ieveis  which  were  effective  in  the  SCID  mouse  xenograft  model  of  human  breast  cancer.  Thus, 
SCID  mice  were  treated  with  daUy  intraperitoneal  (i.p)  bolus  injections  of  10  (igdcg  or  100  ngdcg  EGF- 
Gen  for  10  con^cuUve  days.  The  differences  between  various  pharmacoldneflc  parameters  of  healthy 
rruce  versus  mice  with  breast  cancer  xenografts  were  calculated  based  on  95%  confidence  intervals 
provided  by  AD  AFT  H  software.  EGF-Gen  was  cleared  rapidly  from  blood  with  an  elimination  half-life 
of  1.3  (±0.2)-1.6  (±0.4)  hours  (Tabled,  Figure  12A).  Atthe  lower  dose  level,  EGF-Gen  was  cleared 
more  rapidly  frem  blood  [13.1  (±  2.4)  vs  6.4  (±  0.6)  mifiu/gl.  had  a  larger  central  volume  of  distribution 
(30.0  (±  3.6)  vs  11.6  (±  1.3)  ml/g],  had  a  lower  measured  maximum  plasma  concentration  (0.33  vs  0.45 
ng/ml),  and  yielded  a  lower  systemic  exposure  level  (i.e.,  area  under  the  concentration-time  curve)  [7.6 
(±  1.4)  vs  16.0  (±  1 .5)  pgxhr/L)  in  SCID  mice  with  human  breast  cancer  xenografts  than  m  healthy  SCID 
mice  that  were  not  inoculated  with  breast  cancer  cells  (P<0.05)  (Table  4,  Figure  12A).  The  differences 
between  these  parameters  were  calculated  based  on  95%  confidence  intervals  provided  by  ADAPT  D 
software.  These  results  suggested  that  EGF-Gen  likely  binds  to  EGF-R*  human  breast  cancer  cells 
SCID  mouse  tissues,  resulting  in  more  rapid  removal  from  plasma  in  mice  with  metastatic 
human  breast  cancer.  The  systemic  exposure  level,  as  measured  by  the  area  under  the  semm 
concentration-time  curve  (AUQ.  achieved  by  the  therapeuticaUy  effective  10  |lg(kg/day  dose  level  of 
EGF-Gen  was  16.0  (±  1.5)  pg»hr/L  in  non-tumor  bearing  healthy  SCID  mice  and  7.6  (±  1.4)  pg*hr/L  in 
SCID  mice  bearing  1  cm=  MDA-MB-23 1  tumors  (Table  4).  By  comparison,  treatment  with  100 
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figure  11 


In  vivo  activity  ot  EGF-Gen  against  established  tumors.  The  efficacy 
of  EGF-Gen  against  established  tumors  was  examined  by  treating  SCID  mice  with 
subcutaneous  MDA-MB-231  human  breast  cancer  xenografts  of  0.5  cm  (shown 
in  [A])  or  1.0  diameter  (shown  in  [B])  with  100  Hg^^g/day  EGF-Gen  i.p  for  10 
consecutive  days  and  determining  the  mmor  diameter  daUy  for  20  days  from  the 
start  of  therapy.  Control  mice  were  treated  with  0.2  ml  PBS  for  10  consecutive 
days  or  unconjugated  Gen  at  500  pgdcg/day  x  10  days.  P-values  were  determined 

using  student  t- tests,  (see  next  ps-ge) 


Tumor  Diameter  (cm) 


2 


*P<0.001 

**P<0.0001 


D 


I 

0 


I 

5 


I  I 
10  20 


PBS  (N=5)  EGF-Gen  (N=5)  Gen  (N=5) 


Days  Post  Treatment 


PBS(N=4)  EGF-Gen  (N=4)  Gen  (N=4) 
Days  Post  Treatment 


FIGURE  11 


FIGURE  12 

Pharmacokinetic  Features  of  EGF-Gen  in  SCID  Mice  (Panel  A)  and 
Cynomolgus  Monkeys  (Panel  B).  Plasma  concentration-time  curves  of 
EGF-Gen  after  intraperitoneal  bolus  injection  into  tumor-free  SCID  mice  at  doses 
of  0.1  lig/g  (O  )  and  1.0  |Xg/g  ( A ),  and  into  MDA-MB-231  tumor  xenograft¬ 
bearing  SCID  mice  at  0.1  llg/g  (  ■  )  and  1.0  |ig/g  (A ).  Monkeys  received  a  1- 
hour  intravenous  infusion  of  EGF-Gen  at  0.05  \ig/g  (O  )  and  0.1  \ig/g  (  □  )  dose 
levels.  Lines  represent  pharmacokinetic  model  simulations  for  tumor-free  (solid 
line)  and  tumor-bearing  (dashed  line)  animals;  symbols  depict  measured  plasma 
concentrations  of  EGF-Gen.  (see  next  page) 
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Table  4.  Pharmacokinetic  Parameters  of  EGF-Gen  in  Mice  and  Monkeys 

Mice  without  Tumor  Mice  with  1  cm»  Tumor  Monkeys  without  Tumor 
Parameter  (units)  lOOug^cg  1,000  lOOpg/kg  1,000  pg/lg - 500t.g/kg  1.000  pg/ig^ 


Parameter  (units) 

Vc  (m!/g) 

Ke  (1/hr) 

Kcp  (1/hr) 

Kpc  (1/hr) 

Ti/2a 

Ti/2p  (hr) 

CL  (ml/hr/g) 

Vdss  (ml/g) 

Cmax  (ng/ml) 


960 

2564 


0.32 

0.07 

1100 

3125 


0.06 

17.3 

1.0 

0.4 

0.04 

2.1 

1.0 


12.0 

1400 


AUC(Mgxhr/L)  16  2564  /-b  _ 

Vc  =  central  volume  of  disMbution;  Ke  =  elimiraUon  rate  -  s^otIo 

mSS  n,  AUC  =  area  under  the  ooncentratlon-tlme  curve.  Ooae 

1  M9^9  used  for  efficacy  study. 


UgAcg/day  x  10  days  of  EGF-Gen  yielded  an  AUC  of  2564  (±231)  ^gxhr/L  in  non-tumor  bearing  mice 
and  an  AUC  of  3 125  (±28 1)  [Jigxhr/L  in  tumor-bearing  mice.  Thus,  the  AUC  showed  a  dramatic  160- 
fold  (2564  p,gxhr/L  vs  16  ^igxhr/L,  P<0.001)  to  41 1-fold  (3125  (igxhr/L  vs  7.6  p,gxhr/L,P<0.001) 
increase  as  the  dose  of  EGF-Gen  was  increased  10-fold.  This  dramatic  increase  in  AUC  which  was 

accompanied  by  a  dramatic  232-fold  [1 1.6  (±  1.3)  ml/g  vs  0.05  (±  0.01)  ml/g,  P<0.001]  to  600-fold  [30.0 
(±  3.6)  ml/g  vs  0.05  (±0.01)  ml/g,  P<0.001)  decrease  of  the  volume  of  distribution  is  most  likely  due  to  a 
saturable  receptor-dependent  binding  and  uptake  of  EGF-Gen,  that  has  been  reported  to  occur  with 
unconjugated  human  EGF  in  rats  at  a  dose  level  of  100  p,g/kg  (27).  As  a  result  of  the  increase  m  AUC, 
the  clearance  (i.e.,  Dose/AUC)  of  EGF-Gen  significantly  decreased  with  this  dose  escalation  (Table  4, 
Figure  12Aj.  The  dose-dependent  decrease  in  clearance  was  not  associated  with  significant  differences 

in  tl/2p  values  [1.3  ±  0.2  vs  2.1  ±  0.3  for  non-tumor  bearing  mice,  and  1.6  ±  0.4  vs  1.0  ±  0.1  for  tumor 

bearing  mice],  which  is  in  accord  with  the  published  observations  of  Kim  et  al.  (26, 27).  These  results 
taken  together  with  previous  reports  regarding  the  pharmacokinetics  of  unconjugated  EGF  are  consistent 
with  the  notion  that  the  initial  redistribution  of  EGF-Gen  from  plasma  to  EGF-R^  cells  in  various  tissues 

determining  the  tl/2a  values  is  affected  by  factors  influencing  the  binding  of  EGF-Gen  to  EGF-R^  ceUs 
(e.g.  affinity  of  the  EGF-Gen  conjugate  for  EGF-R,  number  of  EGF-R^  targets  in  the  extravascular 
compartments),  while  the  later  phase  of  removal  from  plasma  determining  the  tl/2p  values  is  likely 
affected  by  the  EGF-R  turnover  rates  and  dose-independent  disassociation  of  EGF-Gen  from  surface 
EGF-R  molecules. 

Pharmacodynamic  Features  and  Toxicity  of  EGF-Gen  in  Cynomolgus  Monkeys.  Because  EGF- 

Gen  was  not  toxic  to  healthy  mice  even  at  doses  as  high  as  40  mgAcg  given  as  a  single  dose  or  l40 

mg/kg  given  in  multiple  doses  despite  the  cross-reactivity  of  human  EGF  with  murine  EGF-R,  we 

postulated  that  such  systemic  exposure  levels  could  also  be  achieved  in  cynomolgus  monkeys  without 

excessive  toxicity.  To  test  this  hypothesis,  we  measured  in  cynomolgus  monkeys  the  systemic  exposure 

levels  achieved  after  treatment  with  50  ngdcg/day  x  10  days  and  100  jigdcg/day  x  10  days.  The  plasma 

concentration-time  curves  of  EGF-Gen  in  monkeys  were  also  biphasic  (Figure  12B).  The  volume  of 
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distribution  and  cloarance  tended  to  decrease  as  the  daily  dose  increased  from  50  ngrttg  to  100  |lg*g, 
similar  to  vthat  was  observed  in  mice.  As  shown  in  Table  4.  treatment  with  100  ngOtg/day  EGF-Gen 
yielded  an  AUC  of  1400  ltg*hr/L.  This  systemic  exposure  level  is  much  higher  than  the  target  AUC  of 
16  |lg*hr/L,  which  was  found  to  be  effecUve  in  the  SCID  mouse  model  of  human  breast  cancer. 

Notably,  no  clinical  or  laboratory  evidence  of  significant  toxicity  was  observed  in  these  monkeys,  except 
for  a  transient  alopecia  in  two  of  the  monkeys  (Table  5).  In  particular,  we  observed  no  gastrointestinal  or 
hepatic  toxicity.  No  histopathologic  lesions  were  found  in  the  organs  of  EGF-Gen  treated  monkeys  that 
were  elecrively  euthanized.  Thus,  EGF-Gen  concentrations  higher  than  th<»e  which  are  required  to  elicit 

tirerapeuticefftcacyagainsthumanbreastcancerceUsintheSCIDmousexenograftmodelofhuman 

breast  cancer  were  achieved  in  cynomolgus  monkeys  without  significant  systemic  toxicity. 

We  also  examined  the  anti-cancer  activity  of  plasma  samples  from  EGF-Gen-treated  monkeys  by 

determining  then  abiUty  to  inhibit  the  in  vitro  clonogenicgrowthof  the  humanbreastcano^^ 

MDA-MB-231andBT-20.  As  detaUed  in  Table  6,  1:50  PBS-diluted  plasma  samples  obtained  at  1 
hour  after  treatment  with  1  mgfleg  BOF<5en  (hut  not  1:50  dduted  pretreatment  plasma  samples  from  the 
same  monkeys)  abrogated  the  in  vitro  colony  formation  by  these  breast  cancer  ceU  lines.  Notably,  excess 
unconjugated  EGF  (but  not  excess  G-CSF)  could  competitively  block  the  cytotoxicity  of  the  EGF-Gen- 
containing  monkey  plasma  samples  (Table  6).  Ibese  results  confirmed  the  biologic  activi^  and  stabiUty 
as  weU  asEGF-R-specificity  of  the  circulating  EGF-Gen  molecules  in  cynomolgus  monkeys. 

Proteih  tyrosine  kinases  have  long  been  suspected  to  play  pivotal  roles  in  regulation  of  ceU  survival  m 
cancer  ceUs  (19, 28-37).  Our  recent  studies  provided  experimental  evidence  that  the  EGF-R-associated 
rac  complexes  are  of  vital  importance  for  the  survival  of  breast  cancer  cells  mid  therefore  EGF-R  may 
serve  as  a  suitable  target  for  biotherapy  of  breast  cancer  using  PTK  inhibitor  (18).  EGF-Gen  is  an 
experimental  anti-cancer  drug  which  targeti  the  naturally  occurring  FTK  inhibitory  isoflavone  Gen  to  the 
membrane-associated  anti-apoptotic  EGF-R/PTK  complexes  and  triggers  apoptotic  ceU  death  (18).  In  the 
present  study,  we  examined  the  in  vivo  antiMianeer  activity,  pharmacokinetic  features,  as  well  as  toxicity 
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Table  5.  Toxicity  of  EGF-GenisteIn  In  Cynomolgus  Monkeys 

Grade  of  Maximum  Toxicity  (Time) 


System 


52  B  52  A  52  I 

0  025  mg/kg/day  0.050  mg/Kg/d  0.100  mg/kg^d 


63  A 

0.100  mg/kg/d 
xIOd 


Activity/Feeding  C 

Fever  C 

Weight  loss  C 

Skin  (Alopecia)  C 

Cardiac 

Tachycardia 
Hypotension  < 

Pulmonary 

Clinical  ' 

Respiratory  rate 

Renal 

Creatinine 

Electrolytes 

Proteinuria 

Hematuria 

Liver 

ALT 

Bill 

Gastrointestinal 
Nausea/Vomiting 
Diarrhea 
Constipation 
Nervous  System 
Central 
Peripheral 

Coagulation 

PT 

PTT 

Infection 

Blood 

Neutropenia 

Anemia 

Thrombocytopenia 

Metabolic 


2(d14-18) 

0 


2  (d7-a) 

0 

0 

2  (d  13-50) 


0 

2  (d3-7) 


2(d2-3) 

0 


0 

2(d7-10) 

0 

0 


2(d5-8) 

0 

2(d12) 

1 


2(d10) 

0 


0 

2  (d9-10) 
0 


63  F 

0.1  mg/kg/d 
xIOd 


0 

2  (d5-6) 
0 


rsmnmninijs  monkevs  were  treated  with  intravenous  infusions  of  EFG-Gen  or  Gen, 
S^e^mSiTn  Mel^s  For  each  >Grade  1  toxicity  the  onset  and  duration  of 
toxicity  syndicated  in  parentheses.  ALT.  alanine  aminotransferase:  BiJ.  Wi^in 
Monkevs  were  electivelyeuthanized  at  the  following  time  points  after  Irotiatmn  of 
meS  5^^  182days;  52  A  186days;  52  1. 127days;  63  A.  15days;  63  F.  ^ays; 
52  F,  135days;  52  G,  135days.  No  test  substance  related  histopathologic  lesions 

were  found  in  any  of  the  monkeys. 


Table  6. 


In  Vitro  Anti-tumor  Activity  of  Plasma  from 
EGF-GenIsteln-treated  Cynomolgus  Monkeys  Against 
EGF-R+  MDA-MB231  Human  Breast  Cancer  Cell  Lines 


Plasma 

Samples 


Mean  No.  % 

Colonies/10’  Cells  Inhibition 


None 

348.5  (344,  353) 

Monkey  52A  (EGF-Gen  Dose  =  50  pg/kg) 
Pretreatment 

1  hour  posttreatment 

1  hour  posttreatment  +  10  pg/ml  EGF 

1  hour  posttreatment  +10  pg/ml  G-CSF 

354.5  (321 ,  388) 

28.5  (21.36) 

301.5  (289,314) 

21.5  (16,27) 

0 

91.8 
13.5 

93.8 

Monkey  521  (EGF-Gen  Dose  =  100  pg/kg) 
Pretreatment 

1  hour  posttreatment 

1  hour  posttreatment  +  10  pg/ml  EGF 

1  hour  posttreatment  +  10  pg/ml  G-CSF 

323.5  (320,  327) 

0  (0.  0) 

293.0  (278,  308) 

0  (0.  0) 

7.2 

>99.7 

15.9 

>99.7 

Monkey  63A  (EGF-Gen  Dose  =  100  pg/kg) 
Pretreatment 

1  hour  posttreatment 

1  hour  posttreatment  +10  pg/ml  EGF 

1  hour  posttreatment  +10  pg/ml  G-CSF 

395.0  (391 ,  399) 

4.5  (2.7) 

279.5  (276,  283) 

2.5  (1.4) 

0 

98.7 

19.8 
99.3 

Monkey  63F  (EGF-Gen  Dose  =  100  pg/kg) 
Pretreatment 

1  hour  posttreatment 

1  hour  posttreatment  +  10  pg/ml  EGF 

1  hour  posttreatment  +  10  pg/ml  G-CSF 

323  (306,  340) 

0  (0.  0) 

340  (309.  371) 

0  (0.  0) 

7.3 
>99.7 

2.4 
>99.7 

COz  atmosphere.  Subsequently,  colonies  were  enumerated  and  the  k  Inhibition  w 

calculated  using  the  formula: 

^  mean  no.  colonies  In  test  culture  ^  qq 
%  Inhibition  =  1  _ _  in  r^ontrot  culture 


Excess  EGF  was  added  to  some  ol  the 

EGFOenIsteIn  by  competing  tor  the  EGF-R  molecules  on  MDA-MB231  cells.  Excess 
G-CSF  was  used  as  a  control  for  comparison. 


profile  of  EGF-Gen.  Here,  we  presented  experimental  evidence  that  EGF-Gen  displays  significant  anti¬ 
tumor  activity  in  a  SCID  mouse  xenograft  model  of  human  breast  cancer.  EGF-Gen  significantly 
improved  tumor-free  survival  in  a  SCID  mouse  xenograft  model  of  human  breast  cancer,  when  it  was 
administered  24  hours  after  inoculation  of  tumor  cells.  Furthermore,  treating  SCID  mice  with  established 
subcutaneous  human  breast  cancer  xenografts  of  0.5  cm  diameter  with  EGF-Gen  at  this  dose  level 
resulted  in  disappearance  of  the  tumors  in  2  of  5  mice  and  >50%  shrinkage  in  3  of  5  mice  within  10  days, 
whereas  aU  of  the  control  tumors  in  5  PBS  treated  mice  as  well  as  5  mice  treated  with  unconjugated  Gen 
(1  mg/kg/day  x  10  days )  showed  >200%  increase  in  diameter  during  the  same  observation  penod. 

The  inabUity  of  unconjugated  Gen  or  unconjugated  EGF  plus  unconjugated  Gen  to  exhibit  significant 
anti-tumor  activity  in  this  SCID  mouse  model  of  metastatic  human  breast  cancer  demonstrates  that  the 
anti-cancer  activity  of  EGF-Gen  cannot  be  attributed  to  either  the  EGF  or  Gen  moieties  alone.  Daily 
administration  of  2  jig  EGF-Gen,  which  contains  309  pmols  of  Gen  in  conjugated  form,  for  a  total  of  10 
days  was  a  highly  effective  treatment  regimen,  whereas  daily  administration  of  10  pg  Gen,  which 
corresponds  to  37,000  pmols,  alone  or  in  combination  with  10  pg  Unconjugated  EGF  (5-fold  higher  dose 
of  EGF  than  what  is  contained  in  2  pg  EGF-Gen)  for  10  days  was  not  effective  at  all.  Thus,  the 

conjugation  of  Gen  to  the  targeting  EGF  molecule  enhanced  its  in  vivo  activity  against  breast  cancer 

ceUs  more  than  100-fold.  These  findings  confirm  and  extend  our  in  vitro  data  demonstrating  that, 
compared  to  unconjugated  Gen,  EGF-Gen  is  >l,000-fold  more  potent  cytotoxic  agent  against  EGF-R" 

■  human  breast  cancer  cells. 

EGF-Gen  improved  tumor-ftee  survival  in  a  SOD  mouse  model  of  human  breast  cancer  at  systemic 
exposure  levels  non-toxic  to  mice  or  cynomolgus  monkeys.  Therefore,  therapeutic  levels  of  EGF-Gen 

may  also  be  achievable  in  women  with  metastatic  breast  cancer  without  excessive  toxicity.  Notably, 

EGF-Gen  was  mote  effective  than  cyclophosphamide,  adtiamycin,  or  methotrexate  in  our  MDA-MB-231 
SCID  mouse  xenograft  model  of  human  breast  cancer.  Furthermore,  plasma  samples  from  EGF-Gen 
treated  cynomolgus  monkeys  elicited  potent  and  EGF-R-specific  in  yiiro.  anti-tumor  activity  against 
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EGF-R*  human  breast  cancer  cell  lines.  These  promising  preclinical  resuits  obtaineri  with  EOF.Gen 
indicate  that  further  clinical  development  of  this  promising  new  anti-breast  cancer  agent  is  warranted. 
EGF-Oen  treatment  reduced  the  growth  rate  of  breast  cancer  xenografts  of  1 .0  cm  diameter,  but  unlike 
with  tumors  of  0.5  cm  diameter,  it  failed  to  cause  shrinkage  or  disappearance  of  these  larger  tumors.  This 
is  not  surprising  especiaUy  with  the  Uver  having  a  >40-fold  higher  partition  coefficient  than  the 
subcutaneous  mmors.  Thus,  EGF-Gen  may  be  mote  effective  as  part  of  an  adjuvant  therapy  regimen 

when  the  disease  burden  is  not  very  large. 

EGF-R  ovetexptession  is  found  in  many  types  of  cancer  besides  breast  cancer.  Thus,  EGF-Gen  could 
potentiaUy  be  used  in  several  different  types  of  cancer.  The  EGF-R  on  cancer  ceUs  r^resents  a  potenUal 
mrget  for  other  forms  of  biotherapy  as  weU.  Anti-EGF-R  antibodies  may  be  useful  in  the  treatment  of 
EGF-R  positive  malignancies  by  dismpting  EGF-mediated  signal  transduction  events.  Whether  EGF-Gen 
is  superior  to  such  anU-EGF-R  antibodies  needs  to  be  examined  in  appropriate  preclinical  and  cluneal 

settings. 


C.  SUMMARY 

Epidermal  growth  factor-receptor  (EGF-R)-associated  protein  tyrosine  kinase  (PTK)  complexes  have  vital 
anti-apoptotic  functions  in  human  breast  cancer  ceUs.  Wehave  previously  shown  that  targeting  the 
naturally  occurring  PTK  inhibitor  genistein  to  the  EGF-R-associated  PTK  complexes  usmg  the  EGF- 
Genistein  (Gen)  conjugate  triggers  rapid  apoptotic  ceU  death  in  human  breast  cancer  ^lls  and  abrogates 
their  in  vitro  elonogenic  growth.  In  the  present  study,  we  examined  the  in  vivo  toxicity  profile, 
pharmacokinetics,  and  anti-cancer  activity  of  EGF-Gen.  No  toxicitics  were  observed  in  mice  treated  with 
EGF-Gen  at  dose  levels  as  high  as  40  mgfirg  administered  intraperitoneally  (i.p.)  as  a  single  dose  or  140 
mglkg  administered  i.p.  over  28  consecutive  days.  EGF-Gen  significantly  Improved  tumor-free  survival 
in  a  SOD  mouse  xenograft  model  of  human  breast  cancer,  when  it  was  administered  24  hours  after 
inoculation  of  tumor  cells.  At  100  pgflrg/d  x  10  days  (1  mgfkg  total  dose),  which  is  >100-fold  less  than 
the  highest  tested  and  nontoxic  cumulative  dose  (i.e..  140  mgdeg)  in  mice,  EGF-Gen  was  mote  effective 
than  cyclophosphamide  (50  mgfkg/d  x  2  days),  adtiamycin  (2.5  mgrtig  x  1)  or  methotrexate  (0.5  mgdrg  x 


1),  the  most  widely  used  standard  chemotherapeutic  drugs  for  breast  cancer,  and  resulted  in  60  %  long¬ 
term  tumor-free  survival.  Furthermore,  treating  SCID  mice  with  established  subcutaneous  human  breast 
cancer  xenografts  of  0.5  cm  diameter  with  EGF-Gen  at  this  dose  level  resulted  in  disappearance  of  the 
tumors  in  2  of  5  mice  and  >50%  shrinkage  in  3  of  5  mice  within  10  days,  whereas  all  of  the  control 
tumors  in  5  PBS  treated  mice  as  well  as  5  mice  treated  with  unconjugated  Gen  (I  mg/kg/day  x  10  days ) 
showed  >200%  increase  in  diameter  during  the  same  observation  period.  EGF-Gen  treatment  reduced  the 
growth  rate  of  breast  cancer  xenografts  of  1.0  cm  diameter,  but  unlike  with  tumors  of  0.5  cm  diameter,  it 

failed  to  cause  shrinkage  or  disappearance  of  these  larger  tumors.  The  level  of  EGF-Gen  systemic 

exposure  that  was  effective  in  SCID  mice  was  achieved  in  cynomolgus  monkeys  without  any  significant 
side  effects  detectable  by  clinical  observation,  laboratory  studies,  or  histopathological  examination  of 
multiple  organs.  EGF-Gen  might  be  useful  in  treatment  of  breast  cancer  as  well  as  other  EGF-R  positive 

malignancies. 
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m.  CONCLUSIONS 


EGF-Gen  conjugate  inactivates  the  EGF-R  tyrosine  kinase  as  well  as  ErbB2.  ErbB3,  and  Src 
protooncogene  family  PTK  in  breast  cancer  cells  triggering  apoptosis  and  clonogenic  cell  death.  Our 
results  indicate  that  the  EGF-R-associated  PTK  complexes  have  vital  anti-apoptotic  functions  in  human 
breast  cancer  ceUs  and  may  therefore  be  used  as  therapeutic  targets. 


In  apoptosis  assays,  lOpg/ml  (=37||M)  Gen  was  not  active  against  MDA-MB-231  and  BT-20  breast 
cancer  cells,  whereas  lltg/ml  (0.137  pM)  EGF.Gen,  which  contains  270-fold  less  Gen  was  acUve.  In 
clonogenic  assays,  the  IC50  values  tor  EGF-Gen  against  MD  A-MB-23 1  and  BT-20  breast  cancer  cells 
were  >l,000-told  lower  than  those  of  unconjugated  Gen  (30  nM  vs  1 12-1 19  pM).  Thus,  the  conjugaUon 
of  Gen  to  the  targeting  EGF  molecule  substanUally  enhances  its  cytotoxic  activity  against  human  breast 
cancer  ceUs.  This  may  in  part  be  due  to  the  delivery  of  mote  Gen  molecules  to  cancer  ceUs,  thereby 

increasing  the  intracellular  Gen  concentration,  by  this  targeted  biotherapy  approach.  We  further 

postulate  that  the  binding  of  BGF-Genistein  to  the  EGF-R  brings  Gen  in  direct  contact  with  EGF-R 
tyrosine  kinase  as  well  as  Src  family  PTK  associated  with  dte  EGF-R.  The  inhibitor  is  held  in  close 
proximity  to  the  EGF-R  and  associated  PTK  because  of  its  covalent  attachment  to  EGF.  Localizauon  of 
the  Gen  molecule  in  close  proximity  to  the  ATP-binding  domains  of  the  EGF-R  associated  PTK  may 
increase  the  effecUve  binding  constant  by  both  reducing  entropy  and  providing  additional  linker  bindmg 
contacts  and  lead  to  sustained  inhibiUon  of  the  PTK.  Decreasing  the  effective  off-rate  of  Gen  by 
conjugating  it  to  EGF  may  also  promote  covalent  modification  of  the  EGF-R-assocrated  PTK  by  covalent 
modification,  reminiscent  of  the  oxidative  inactivation  of  CD19-associated  Src  family  PTK  by  B43-Gen, 
an  anti-CD19  antibody-Gen  immunoconjugate. 


EGF-Gen  displays  significant  anti-tumor  activity  in  a  SOD  mouse  xenograft  model  of  human  breast 
cancer.  EGF-Gen  significantly  improved  tumor-free  survival  in  a  SOD  mouse  xenograft  model  of 
human  breast  cancer,  when  it  was  administered  24  hours  after  inoculation  of  tumor  cells.  Furthermore, 
treating  SCID  mice  with  established  subcutaneous  human  breast  cancer  xenografts  of  0.5  cm  diameter 
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with  EGF-Gen  at  this  dose  level  resulted  in  disappearance  of  the  tumors  in  2  of  5  mice  and  >50% 
shrinkage  in  3  of  5  mice  within  10  days,  whereas  all  of  the  control  tumors  in  5  PBS  treated  mice  as  well 
as  5  mice  treated  with  unconjugated  Gen  (1  mg/kg/day  x  10  days )  showed  >200%  increase  in  diameter 

during  the  same  observation  period. 

The  inability  of  unconjugated  Gen  or  unconjugated  EGF  plus  unconjugated  Gen  to  exhibit  significant 
anti-tumor  activity  in  this  SCID  mouse  model  of  metastatic  human  breast  cancer  demonstrates  that  the 
anti-cancer  activity  of  EGF-Gen  cannot  be  attributed  to  either  the  EGF  or  Gen  moieties  alone.  Daily 
administration  of  2  p-g  EGF-Gen,  which  contains  309  pmols  of  Gen  in  conjugated  form,  for  a  total  of  10 
days  was  a  highly  effective  treatment  regimen,  whereas  daily  administration  of  10  \ig  Gen,  which 
corresponds  to  37,000  pmols,  alone  or  in  combination  with  10  ^lg  unconjugated  EGF  (5-fold  higher  dose 
of  EGF  than  what  is  contained  in  2  ^g  EGF-Gen)  for  10  days  was  not  effective  at  all.  Thus,  the 

conjugation  of  Gen  to  the  targeting  EGF  molecule  enhanced  its  in  vivo  activity  against  breast  cancer 

cells  more  than  100-fold.  These  findings  confirm  and  extend  our  in  vitro  data  demonstrating  that, 
compared  to  unconjugated  Gen,  EGF-Gen  is  >1, 000-fold  more  potent  cytotoxic  agent  against  EGF-R^ 

human  breast  cancer  cells. 

EGF-Gen  improved  tumor-free  survival  in  a  SCID  mouse  model  of  human  breast  cancer  at  systemic 
exposure  levels  non-toxic  to  mice  or  cynomolgus  monkeys.  Therefore,  therapeutic  levels  of  EGF-Gen 
may  also  be  achievable  in  women  with  metastatic  breast  cancer  without  excessive  toxicity.  Notably, 
EGF-Gen  was  more  effective  than  cyclophosphamide,  adriamycin,  or  methotrexate  in  our  MDA-MB-231 
SCID  mouse  xenograft  model  of  human  breast  cancer.  Furthermore,  plasma  samples  from  EGF-Gen 
treated  cynomolgus  monkeys  elicited  potent  and  EGF-R-specific  in  vitro  anti-tumor  activity  against 
EGF-R^  human  breast  cancer  cell  lines.  These  promising  precUnical  results  obtained  with  EGF-Gen 
indicate  that  further  clinical  development  of  this  promising  new  anti-breast  cancer  agent  is  warranted. 
EGF-Gen  treatment  reduced  the  growth  rate  of  breast  cancer  xenografts  of  1.0  cm  diameter,  but  unlike 
with  tumors  of  0.5  cm  diameter,  it  failed  to  eause  shrinkage  or  disappearance  of  these  larger  tumors.  This 
is  not  surprising  especially  with  the  liver  having  a  >40-fold  higher  partition  coefficient  than  the 
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subcutaneous  tumors.  Thus,  EGF-Gen  may  be  more  effective  as  part  of  an  adjuvant  therapy  regimen 
when  the  disease  burden  is  not  very  large. 

EGF-R  ovetexpression  is  found  in  many  types  of  cancer  besides  breast  cancer.  Thus,  EGF-Oen  could 
potentially  be  used  in  several  diffetent  types  of  cancer.  The  EGF-R  on  cancer  cells  repre^ts  a  potential 
mrget  for  other  forms  of  biotherapy  as  well.  Anti-EGF-R  antibodies  may  be  useful  in  the  treatment  of 
EGF-R  positive  malignancies  by  disrupting  EGF-mediated  signal  transduction  events.  Whether  EGF-Gen 
is  superior  to  such  anU-EGF-R  antibodies  needs  to  be  examined  in  appropriate  precUnical  and  cUnical 

settings. 
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INTRODUCTION 


We  have  continued  our  efforts  to  optimize  the  design  of  the  EGF-Genistein 
and  related  tyrosine  kinase  inhibitor  conjugates.  The  goal  of  these  efforts  is 
to  prepare  a  new  generation  of  EGF  conjugates  with  unprecedented  activity 
as  well  as  stability.  The  design  optimization  represents  work  done  at  the 
Hughes  Institute  whereas  the  mouse  and  monkey  studies  are  being 
conducted  at  the  University  of  Minnesota.  The  work  as  well  as  analyses  are 
ongoing  and  no  conclusions  are  yet  possible  as  to  whether  or  not  the  novel 
EGF  conjugates  will  be  superior  to  the  first  generation  EGF  conjugates. 
Depending  on  these  results,  we  will  pick  the  most  promising  conjugate  and 
start  its  use  as  part  of  combined  biochemotherapy  regimens,  as  originally 
proposed  in  our  application. 

BODY 

SECTION  I:  DESIGN  OPTIMIZATION 
MATERIALS  AND  METHODS 

Preparation  of  EGF-Genistein  and  Related  Conjugates .  rhEGF  was 
produced  in  E.  coli  harboring  a  genetically  engineered  plasmid  that 
contains  a  synthetic  gene  for  human  EGF  fused  at  the  N-terminus  to  a 
hexapeptide  leader  sequence  for  optimal  protein  expression  and  folding. 
rhEGF  fusion  protein  precipitated  in  the  form  of  inclusion  bodies  and  the 
mature  protein  was  recovered  by  trypsin-cleavage  followed  by  purification 
using  ion  exchange  chromatography  and  HPLC.  rhEGF  was  99%  pure  by 
reverse-phase  HPLC  and  SDS-PAGE  with  an  isoelectric  point  of  4.6  ±  0.2. 
The  endotoxin  level  was  0.17  EU/mg. 
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The  recently  published  photochemical  conjugation  method  using  the 
hetero-bifunctional  photoreactive  crosslinking  agent,  Sulfosuccinimidyl  6- 
[4’azido-2’-nitrophenylamino]hexanoate  (Sulfo-SANPAH)  (Pierce  Chemical 
Co.,  Rockford,  IL)  was  initially  employed  in  the  synthesis  of  the  EGF- 
Genistein(Gen)  conjugates.  Sulfo-SANPAH  was  dissolved  in  DMSO  and 
used  to  modify  EGF  at  molar  ratios  of  1:1-1:10,  EGF  to  crosslinker. 

Following  size-exclusion  chromatography  to  remove  unreacted  crosslinker 
and  small  molecular  weight  reaction  products,  the  modified  rhEGF  was 
mixed  with  a  10:1  or  20:1  molar  ratio  of  Gen  (LC  Laboratories,  Woburn,  MA) 
[50  mM  solution  in  dimethyl  sulfoxide  (DMSO)]  and  then  irradiated  for  10  - 
15  min  with  long-wave  UV  light  (  366  nm  Model  UVGL-58  Mineralight;  UVP, 
Upland,  CA).  Photolytic  generation  of  a  reactive  singlet  nitrene  on  the  other 
terminus  of  EGF-SANPAH  in  the  presence  of  a  molar  excess  of  Genistein 
resulted  in  the  attachment  of  Gen  to  lysine  28,  lysine  48,  or  the  N-terminal 
residue  of  EGF.  Excess  Gen  in  the  reaction  mixture  was  removed  by 
passage  through  a  G25-Sephadex  pre-packed  column,  and  12  kDa  EGF- 
EGF  homoconjugates  with  or  without  conjugated  Gen,  as  well  as  higher 
molecular  weight  reaction  products,  were  removed  by  size-exclusion  high- 
performance  liquid  chromatography  (HPLC,  Beckman  System  Gold). 

In  addition  to  Sulfo-SANPAH,  we  also  used  the  following  crosslinking 
agents  obtained  from  Pierce  Chemical  Company:  N-5-azido-2- 

nitrobenzoyloxysucclnimide(ANB-NOS),  Sulfosuccinimidyl  2-[m-azido-o- 
nitrobenzamidolethyl-1 ,3’-dithiopropionate(SAND),  and 

Sulfosuccinimidyl(perfluoroazidobenzamido)ethyl-1,3- 

dithiopropionate(SFAD).  These  crosslinkers  are  of  different  chain  lengths, 
ANB-NOS  being  the  shortest  at  7.7  A,  and  all  have  a  phenyl  azide  at  one  end 
to  react  with  Genistein  following  photolysis.  The  other  end  of  the  crosslinker 
contains  an  N-hyrodroxysuccinimide  ester  to  react  with  protein  amino 
groups.  SAND  and  SFAD  are  cleavable  by  thiols.  We  have  also  used  p- 
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azidophenylglyoxal  monohydrate(APG)(9.3  A)  as  an  arginine  and 
photoreactive  crosslinking  agent. 

To  avoid  exposing  EGF  to  the  possible  harmful  effects  of  UV  light,  we  have 
also  photolyzed  the  crosslinker-Genistein  mixture  prior  to  the  addition  of 
EGF.  We  dissolved  both  the  crosslinker  and  Genistein  in  DMSO  and  mixed 
them  together  using  a  20:1,  10:1.  or  2.5:1  molar  ratio  of  Genistein  to 
crosslinker.  Photolysis  was  performed  at  room  temperature  for  periods  of 
time  from  15-60  minutes  using  either  a  Model  UVM-57 (302  nm  mid-range 
wavelength)  or  Model  UVGL-58(366  nm  longwave)  UV  lamp  from 
UVP(Upland,  CA).  Following  photolysis,  the  mixture  was  added  to  a 
solution  of  EGF(in  PBS)  at  a  molar  ratio  of  10:1,  crosslinker: EGF  in  a 
maximum  final  DMSO  concentration  of  10%. 

In  an  effort  to  generate  more  potent  EGF  conjugates,  we  have  also  used  two 
Genistein  analogues.  DDE24  and  DDE41,  which  have  themselves  been 
shown  to  possess  cytotoxic  activity  in  in  vitro  systems.  These  compounds 
have  been  modified  to  contain  an  N-hydroxysuccinimide  ester  for  direct 
conjugation  to  EGF  in  the  absence  of  photolysis. 

HPLC  Analysis.  Reverse  phase  HPLC  using  a  Hewlett-Packard  (HP)  1100 
series  HPLC  instrument  was  used  to  monitor  and  characterize  the  EGF- 
Gen  conjugation.  Analytical  HPLC  was  performed  using  a  Spherisorb  ODS- 
2  reverse  phase  column  (250x4  mm,  Hewlett-Packard).  Prior  to  the  HPLC 
runs,  a  Beckman  DU  640B  spectrophotometer  was  used  to  generate  a  UV 
spectrum  for  each  of  the  samples  to  ascertain  the  Xmax  for  EGF-Gen, 

modified  and  unmodified  EGF.  Each  HPLC  chromatogram  was 
subsequently  run  at  wavelengths  of  220,  280,  and  480  or  308  nm  using  the 
multiple  wavelength  detector  option  supplied  with  the  instrument  to  ensure 
optimal  detection  of  the  individual  peaks  in  the  chromatogram.  Five  - 100 
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uL  samples  were  applied  to  the  above  column  and  analysis  was  achieved 
using  a  gradient  flow  consisting  of  20%  to  100%  eluent  D  in  a  time  interval 
of  0  to  50  min.  Eluent  A  consisted  of  a  mixture  of  0.1%  trifluoroacetic 
acid(TFA)  in  water  and  eluent  D  contained  80%  acetonitrile  (CH3CN),  20% 
H2O,  and  0.1%TFA. 

Size-exclusion  chromatography  was  carried  out  using  a  Beckman  System 
Gold  Instrument  equipped  with  a  TSKG3000SW  column.  The  column  was 
equilibrated  in  100  mM  sodium  phosphate  buffer,  pH  6.8  at  a  flow  rate  of  3 
mLyminute. 

Mass  Spectrometry.  Mass  spectrometric  analysis  was  routinely  performed 
to  determine  the  relative  molecular  weights  of  the  modified  EGF  and  EGF- 
Genistein  conjugates.  A  Hewlett-Packard  Model  G2025A  matrix-assisted 
laser  desorption/ionization  mass  spectrometer  with  linear  time-of-flight 
mode  (MALDI-TOF).  In  conjunction  with  the  Hewlett-Packard  instrument 
were  a  sample  preparation  assembly  model  G2024A  including  a  high 
vacuum  pump  and  a  Dos-Chem  station  controller  model  G1030A.  Before 
starting  the  experiment,  the  instrument  was  calibrated  with  protein 
standards  G2025A  supplied  by  Hewlett-Packard:  mass  calibration  was 
used  by  peak  centroiding  at  the  80%  level.  Sinnapinic  acid(Hewlett- 
Packard)  was  used  as  a  matrix  source.  Samples  were  prepared  by  spotting 
1  uL  of  a  mixture  of  protein,  in  phosphate  buffer,  with  the  matrix  solution(1 :1 , 
v/v)  on  the  gold  surface  of  the  probe  with  subsequent  evaporation  under 
vacuum.  Ionization  was  accomplished  with  a  laser  radiating  at  a  337-nm 
wavelength(5  ns  pulses,  laser  energy  1.97  uJ)  in  both  single  shot  and 
multiple  shot  modes.  The  analyzer  was  used  in  the  linear  mode  at  an 
accelerating  voltage  of  28  kV.  The  obtained  spectra  represent  the  sum  of 
consecutive  laser  shots  and  have  not  been  smoothed. 
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SDS-PAGE  Analysis.  SDS-PAGE  was  used  to  monitor  the  preparation  and 
purification  of  the  EGF-Genistein  conjugates.  15%  tricine  running  gels  were 
stained  with  Coomassie  Blue  to  visualize  the  protein  bands. 

Breast  Cancer  Cells.  MDA-MB-231  (ATCC  HTB-26)  is  an  EGF-R  positive 
breast  cancer  cell  line  initiated  from  anaplastic  carcinoma  cells  of  a  51  year 
old  patient.  BT-20  (ATCC  HTB-19)  is  another  EGF-R  positive  breast  cancer 
cell  line  isolated  from  the  primary  breast  tumor  of  a  74  year  old  patient  with 
grade  II  mammary  adenocarcinoma.  MDA-MB-231  cells  are  cultured  in 
Leibovitz’s  L-15  medium  plus  glutamine;  BT-20  breast  cancer  cells  are 
maintained  in  MEM  medium  containing  0.1  mM  NEAA  and  Earle’s  BSS.  Both 
media  are  further  supplemented  with  10  %  fetal  bovine  serum.  For 
subculturing,  medium  is  removed  from  the  flasks  containing  a  confluent 
layer  of  cells  and  fresh  0.25%  trypsin  added  for  1-2  min.  Trypsin  is 
removed  and  cultures  incubated  for  5-10  min  at  until  the  cells 
detached.  Fresh  medium  is  then  added  and  the  cells  aspirated  and 
dispensed  into  new  flasks. 

Cytotoxic  Activity  of  EGF-Genistein  and  Related  EGFConjugates.  The 
specific  cytotoxic  activity  of  the  EGF-Genistein  conjugates  is  determined 
initially  using  the  MTT  (3-[4,5-dimethylthiazol-2-yl]-2, 5-diphenyl  tetrazolium 
bromide)  assay  (Boehringer  Mannheim  Corp.,  Indianapolis,  IN).  Briefly, 
exponentially  growing  breast  cancer  cells  are  seeded  into  a  96-well  plate 
at  a  density  of  2.0x  lO'^  cells/well  and  incubated  for  24  hr  at  37°C  prior  to 
drug  exposure.  On  the  day  of  treatment,  culture  medium  is  carefully 
aspirated  from  the  wells  and  replaced  with  fresh  medium  containing  the 
EGF-Genistein  conjugates  or  unconjugated  EGF.  Triplicate  wells  were 
used  for  each  treatment.  The  cells  were  incubated  with  the  various 
compounds  for  48  -  72  hours  at  37°C  in  a  humidified  5%  CO2 
atmosphere(BT-20  cells;  MDA-MB-231  cells  are  incubated  in  the  absence 
of  CO2).  To  each  well,  10  pi  of  MTT  (0.5  mg/ml  final  concentration)  was 
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added  and  the  plates  incubated  at  37°C  for  4  hours  to  allow  MTT  to  form 
formazan  crystals  by  reacting  with  metabolically  active  cells  .  The  formazan 
crystals  were  solubilized  for  a  minimum  of  4  hr  at  37°C  in  a  solution 
containing  10%  SDS  in  0.01  M  HCI.  The  absorbance  of  each  well  is 
measured  in  a  microplate  reader  (Labsystems)  at  540  nm.  The 
absorbance  is  a  measure  of  cell  viability;  the  greater  the  absorbance  the 
greater  the  cell  viability. 


Colony  Assays.  After  overnight  treatment  with  EGF-Gen  or  PBS,  cells  were 
resuspended  in  clonogenic  medium  consisting  of  alpha-MEM  supplemented  with 
0.9%  methylcellulose,  30%  fetal  bovine  serum,  and  50  pM  2-mercaptoethanol. 
Cells  were  plated  in  duplicate  Petri  dishes  at  100,000  cells/mL/dish  and  cultured 
in  a  humidified  5%  C02  incubator  for  7  days.  Cancer  cell  colonies  were 
enumerated  on  a  grid  using  an  inverted  phase  microscope  of  high  optical 
resolution.  Results  were  expressed  as  %  inhibition  of  clonogenic  cells  at  a 
particular  concentration  of  the  test  agent  using  the  formula:  %  Inhibition  =  (1 - 
Mean  #  of  colonies  [Test]  /  Mean  #  of  colonies  [Control])  x  100. 

RESULTS  AND  DISCUSSION 

Our  initial  EGF-Genistein  conjugates  were  formed  using  Sulfo-SANPAH 
as  the  photolabile  crosslinker.  We  used  MALDI-TOF  mass  spectrometry 
as  a  means  of  monitoring  the  modification  of  EGF  using  different  molar 
ratios  of  crosslinker  to  EGF.  Figure  1  shows  an  example  of  these  results 
which  indicate  that  very  little  unmodified  EGF(  mass  of  6200  daltons) 
remained  when  7.5:1  or  10:1  molar  ratios  were  used.  In  subsequent 
experiments  EGF  was  modified  using  a  10:1  molar  ratio 
of  Sulfo-SANPAH  followed  by  photolysis  in  the  presence  of 
longwave  UV  and  a  10  -  20-fold  molar  excess  of  Gepistein.  Size-exclusion 
HPLC  revealed  the  presence  of  high-molecular  weight  material  and  SDS- 
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PAGE  showed  the  presence  of  EGF  multimers  (Figure  2). 

We  also  noted  that  this  EGF  conjugate  precipitated  out  of  solution  during 
short-term  storage  at  4°  C  or  when  frozen  for  longer  periods  of  time  further 
reducing  the  yield  of  the  active  EGF  -  Gen  conjugate. 

Photolyzing  the  SANPAH-modified  EGF  at  high  protein  concentrations 
appeared  to  be  causing  the  formation  of  EGF-EGF  multimers  and 
denaturing  the  EGF  so  we  carried  out  photolysis  on  the  Sulfo-SANPAH- 
Genistein  mixture(in  DMSO)  prior  to  the  addition  of  the  EGF.  This  “pre¬ 
photolysis”  mixture  contained  a  20:1  molar  excess  of  Genistein  to 
increase  the  opportunity  for  the  active  nitrene  to  link  to  Genistein  rather 
than  to  another  SANPAH  or  EGF  molecule.  EGF  was  added  to  this  mixture 
following  photolysis  and  unreacted  SANPAH  and  Genistein  were  removed 
using  G-25  Sephadex  column  chromatography.  Size-exclusion  HPLC 
analysis  revealed  the  presence  of  high  molecular  weight  aggregates, 
eluting  from  35  -  45  minutes  post-injection  (Figure  3  B ).  Unmodified 
EGF  typically  elutes  in  this  system  at  58  -  62  minutes  (Figure  3A).  We 
observed  less  aggregation  if  a  2:1  instead  of  a  4:1  molar  ratio  of  pre- 
photolyzed  SANPAH  -  Genistein  is  used  to  modify  EGF(Figure  3C), 

We  then  substituted  shorter  chain-length  and  less  hydrophobic 
crosslinkers  for  SANPAH  in  order  to  reduce  aggregation  due  to 
protein-protein  hydrophobic  interactions.  The  short-chain  crosslinker, 
ANB-NOS,  results  in  less  precipitation/aggregation  than  was  seen  using 
Sulfo-SANPAH.  Since  Genistein  is  relatively  insoluble  in  aqueous 
solutions,  we  carried  out  the  pre-photolysis  using  a  2.5:1  or  10:1  molar 
ratio  of  Genistein  to  crosslinker  and  a  10:1  ratio  of  crosslinker-Genistein 
to  EGF.  The  final  DMSO  concentration  was  maintained  at  10%. 

Figure  4A,B  shows  an  initial  size-exclusion  HPLC  purification  of  EGF- 
ANB-NOS-Gen  conjugates  prepared  using  the  above  ratios  and  15 
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minutes  of  longwave  UV  photolysis.  Less  aggregation  has  occurred 
when  the  10:1  ratio  is  compared  to  the  2.5:1  ratio  and  both  are  significantly 
less  when  the  ANB-NOS-Gen  mixture  is  pre-photolyzed  than  when  ANB- 
NOS-modified  EGF  is  mixed  with  Genistein  and  then  exposed  to  UV(Figure 
4C).  The  SDS-PAGE  gel  shown  in  Figure  5  also  indicates  that  only  small 
amounts  of  EGF  multimers  are  formed  under  these  conjugation  conditions 
and  that  size-exclusion  HPLC  can  be  used  to  remove  the  aggregates. 

All  of  the  EGF-ANB-NOS-Gen  conjugates  possessed  some  activity  in  the 
MTT  assay  when  tested  against  the  BT-20  and/or  MDA-MB231  breast 
cancer  cell  lines(Figure  4).  The  HPLC-purified  10:1, 10:1  pre-photolyzed 
conjugate  was  the  most  active  exhibiting  maximum  inhibition  at  a 
concentration  of  less  than  1  ug/mL. 


Figure  6  shows  size-exclusion  HPLC  profiles  that  were  obtained  for  EGF 
conjugates  prepared  using  10:1  ratios  of  the  Genistein  analogs,  DDE24 
and  DDE41 .  These  compounds  contain  an  NHS  ester  and  were  directly 
linked  to  EGF  in  PBS  buffer  without  photolysis.  The  EGF-DDE41 
conjugate(A)  appeared  to  contain  more  aggregated  protein  than  the  EGF- 
DDE24  conjugate(B).  The  HPLC-semipurified  EGF-DDE41  conjugate  did 
appear  to  have  some  inhibitory  activity  in  the  MTT  assay  (Figure  6). 
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SECTION  II.  ANIMAL  STUDIES 


MATERIALS  AND  METHODS 

The  detailed  procedures  for  murine  and  primate  toxicity  studies  were  detailed 
in  the  original  grant  application  and  also  reported  in  the  previously  submitted 
manuscripts  regarding  the  animal  toxicity  of  the  first  generation  EGF 
conjugates. 

RESULTS  AND  DISCUSSION 

We  have  examined  the  toxicity  of  EGF  SANPAH  conjugates  of  DDE-24  and 
DDE-41  as  well  as  EGF  ANB-NOS  conjugates  of  Genistein,  DDE-24,  and  DDE- 
41.  As  shown  in  Figure  7,  no  toxicity  and  no  fatalities  were  observed  with  any  of 
these  treatments.  A  detailed  report  of  the  histopathological  study  is  enclosed 
as  Appendix  1.  No  test  article  related  histologic  lesions  were  found  in  any  of 
the  mice  treated  with  our  new  generation  EGF  conjugates. 

We  have  next  examined  the  toxicity  of  EGF-ANB-NOS-Genistein  and  EGF-ANB- 
NOS-DDE41  (EGF-41)  in  cynomolgus  monkeys.  Both  agents  were  well 
tolerated  by  monkeys.  A  detailed  report  of  the  clinical  findings  and  raw  data  is 
enclosed  as  Appendix  2.  The  monkeys  treated  with  EGF-41  have  been 
sacrificed  and  the  monkeys  treated  with  EGF-ANB-NOS-Genistein  will  be 
sacrificed  on  October  13,  1998  and  a  detailed  histopathology  report  will  be 
submitted  after  the  analysis  of  the  tissues.  The  blood  samples  collected  for 
pharmacokinetic  studies  have  been  frozen  for  future  analysis. 


Figure  Legends 
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Fi9urG  1  -  Figur©  1  shows  the  results  of  MALDI-TOF  mass  spectrometry  of 
EGF  and  modified  EGF  preparations.  The  relative  abundance  of  various 
molecular  species  are  indicated  for  unmodified  EGF,  EGF  modified  with  1:1  - 
1:10  molar  ratios  of  Sulfo-SANPAH,  and  EGF  modified  with  a  1:10  ratio  of  ANB- 
NOS. 

Figure  2  -  Figure  2  is  a  15%  tricine  SDS-PAGE  running  gel  stained  with 
Coomassie  Blue  to  show  unmodified  EGF  and  a  partially  purified  EGF- 
Genistein  conjugate  prepared  by  photolyzing  SANPAH-modified  EGF  in  the 
presence  of  Genistein.  Multimers  of  EGF  can  be  seen  in  the  lanes  containing 
higher  amounts  of  EGF-Genistein  . 

Figure  3  -  Figure  3  shows  examples  of  size-exclusion  HPLC  profiles  of 
unmodified  EGF(A),  an  EGF-Genistein  conjugate(prepared  using  a  1:4  ratio(B) 
and  a  1:2  ratio(C)  of  EGF  to  SANPAH  and  a  pre-photolysis  mixture  with  a  20-fold 
excess  of  Genistein  to  SANPAH).  The  Beckman  System  Gold  HPLC  was 
equipped  with  a  TSKG3000SW  column  equilibrated  in  100  mM  sodium 
phosphate  buffer,  pH  6.8,  at  a  flow  rate  of  3  mL/minute. 

Figure  4  -  Figure  4  shows  HPLC  patterns  of  EGF-Genistein  conjugates 
prepared  using  the  ANB-NOS  crosslinker  at  a  1:10  ratio  of  EGF  to  crosslinker 
and  a  2.5:1  ratio(A)  or  a  10:1  ratio(B)  of  Genistein  to  ANB-NOS  in  the  pre¬ 
photolysis  mixture.  Figure  4C  shows  the  HPLC  pattern  for  an  EGF-ANB-NOS- 
Gen  conjugate  prepared  by  photolyzing  the  modified  EGF  in  the  presence  of  a 
20-fold  excess  of  Genistein.  Results  of  MTT  assays  are  also  presented  for  the 
various  EGF-Genistein  conjugates. 

Figure  5  -  Figure  5  shows  a  15%  tricine  SDS-PAGE  running  gel  stained  with 
Coomassie  Blue  to  show  the  initial  size-exclusion  HPLC  purification  of  an 
EGF-ANB-NOS-Gen  conjugate  prepared  using  10:1  ratios  of  Genistein  to 
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ANB-NOS(  the  pre-photolysis  mixture  was  then  irradiated  with  longwave  UV  for 
60  minutes  at  room  temperature)and  ANB-NOS  to  EGF. 

Figure  6  -  Figure  6  shows  size-exclusion  HPLC  profiles  of  the  EGF-DDE41(A) 
and  EGF-DDE24(B)  conjugates.  High  molecular  weight  aggregates  are  seen 
eluting  from  34  -  44  minutes  in  the  EGF-DDE41  pattern  while  the  EGF-DDE24 
preparation  has  very  little  of  this  material.  MTT  assay  results  are  included  for 
the  HPLC-semi-purified  EGF-DDE41  conjugate. 

Figure  7  -  These  figures  show  the  proportion  of  mice  alive  after  treatment  with 
the  various  EGF  conjugates.  The  100%  survival  observed  for  each  treatment 
protocol  demonstrates  that  none  of  these  new  generation  EGF  conjugates  are 
toxic  to  mice. 
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Appendix  I 


12 


Histopathologic  Evaluation  of  Tissues  from  BALB/C  Mice  on 
Intraperitoneal  Toxicity  Study  of  EGF-Conjugates: 

EGFy24 

EGF/41 

EGF/ANB-NOS-24 

EGF/ANB-NOS-41 

EGF/ANB-NOS-GEN 

Experiment  Dates: 

8/4/98 


Date:  10/9/98 


Histonathologic  Evaluation  of  Tissues  from  BALB/C  Mice  on  an  Intraperitoneal  Toxicity 
Study  of  EGF-Conjugates  (EGF/24,  EGF/41,  EGF/ANB-NOS-24,  EGF/ANB-NOS-41,  and 
EGF/ANB-NOS-GEN);  Experiment  Dates  8/4/98. 


A.  MATERIAL  AND  METHODS: 

V.  The  study  was  perfonned  as  follows: 
a  EGF-Conjugates; 

1.  EGF/24: 

a  GROUP  1:  On  8/4/98, 3  female  BALB/C  mice  received  a  single  IP 

(intravenous)  injection  of  EGF/24,  100  jig,  in  200  pi  PBS 

(phosphate  buffered  saline).  All  3  mice  were  euthanized  clinically 
healthy  on  day  30  (9/3/98). 

b.  GROUP  2;  On  8/4/98, 3  female  BALB/C  mice  received  a  single  IP 

(intravenous)  injection  of  EGF/24,  200  pg,  in  200  pi  PBS 

(phosphate  buffered  saline).  All  3  mice  were  euthanized  clinically 
healthy  on  day  30  (9/3/98). 

c.  GROUP  3;  On  8/4/98, 3  female  BALB/C  mice  received  a  single  IP 

(intravenous)  injection  of  EGF/24,  400  pg,  in  200  pi  PBS 

(phosphate  buffered  saline).  All  3  mice  were  euthanized  clinically 
healthy  on  day  30  (9/3/98). 

d.  GROUP  4;  On  8/4/98, 3  female  BALB/C  mice  received  a  single  IP 

(intravenous)  injection  of  EGF/24,  800  pg,  in  200  pi  PBS 

(phosphate  buffered  saline).  All  3  mice  were  euthanized  clinically 
healthy  on  day  30  (9/3/98). 

2.  EGF/41: 

a,  GROUP  5;  On  8/4/98, 2  female  BALB/C  mice  received  a  single  IP 

(intravenous)  injection  of  EGF/41,  100  pg,  in  200  pi  PBS 

(phosphate  buffered  saline).  Both  mice  were  euthanized  clinically 
healthy  on  day  30  (9/3/98). 

b.  GROUP  6;  On  8/4/98, 2  female  BALB/C  mice  received  a  single  IP 

(intravenous)  injection  of  EGF/41,  200  pg,  in  200  pi  PBS 

(phosphate  buffered  saline).  Both  mice  were  euthanized  clinically 
healthy  on  day  30  (9/3/98). 
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Histopathologic  Evaluation  of  Tissues  from  BALB/C  Mice  on  an  Intraperitoneal  Toxicity 
Study  of  EGF-Conjugates  (EGF/24,  EGF/41,  EGF/ANB-NOS-24,  EGF/ANB-NOS-41,  and 
EGF/ANB-NOS-GEN);  Experiment  Dates  8/4/98. 


3.  EGF/ANB-NOS-24: 

a  GROUP  7;  On  8/4/98, 3  female  BALB/C  mice  received  a  single  IP 
(intravenous)  injection  of  EGF/ANB-NOS-24,  100  pg,  in  200  |il 
PBS  (phosphate  buffered  saline).  All  3  mice  were  euthanized 
clinically  healthy  on  day  30  (9/3/98). 

b.  GROUP  8;  On  8/4/98, 3  female  BALB/C  mice  received  a  single  IP 
(intravenous)  injection  of  EGF/ANB-NOS-24,  200  pg,  in  200  pi 
PBS  (phosphate  buffered  saline).  A1  3  mice  were  euthanized 
clinically  healthy  on  day  30  (9/3/98). 

4.  EGF/ANB-NOS-41: 

a  GROUP  9:  On  8/4/98, 3  female  BALB/C  mice  received  a  single  IP 
(intravenous)  injection  of  EGF/ANB-NOS-41,  100  p.g,  in  200  pi 
PBS  (phosphate  buffered  saline).  All  3  mice  were  euthanized 
clinically  healthy  on  day  30  (9/3/98). 

b.  GROUP  10:  On  8/4/98, 2  female  BALB/C  mice  received  a  single  IP 
(intravenous)  injection  of  EGF/ANB-NOS-41,  200  pg,  in  200  p,l 
PBS  (phosphate  buffered  saline).  Both  mice  were  euthanized 
clinically  healthy  on  day  30  (9/3/98). 

5.  EGF/ANB-NOS-GEN: 

a  GROUP  11;  On  8/4/98, 2  female  BALB/C  mice  received  a  single  IP 
(intravenous)  injection  of  EGF/ANB-NOS-GEN,  100  p,g,  in  200  pi 
PBS  (phosphate  buffered  saline).  Both  mice  were  euthanized 
clinically  healthy  on  day  30  (9/3/98). 

b.  GROUP  12;  On  8/4/98, 2  female  BALB/C  mice  received  a  single  IP 
(intravenous)  injection  of  EGF/ANB-NOS-GEN,  200  p,g,  in  200  p.1 
PBS  (phosphate  buffered  saline).  Both  mice  were  euthanized 
clinically  healthy  on  day  30  (9/3/98). 

c.  GROUP  13;  On  8/4/98, 3  female  BALB/C  mice  received  a  single  IP 
(intravenous)  injection  of  EGF/ANB-NOS-GEN,  800  p,g,  in  200  pi 
PBS  (phosphate  buffered  saline).  All  3  mice  were  euthanized 
clinically  healthy  on  day  30  (9/3/98). 
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Histonatholodc  Evaluation  of  Tissues  from  BALB/C  Mice  on  an  Intraperitoneal  Toxicity 
StoWS-Codugates(EGF/24,EGF/41,EGF/^^^  EGF/ANB-NOS-41,  and 

^  EGF/ANB-NOS-GEN);  Experiment  Dates  8/4/98. 


b.  PBS  Treatment  (Control  Group); 

1.  GROUP  14;  On  8/4/98,  6  female  BALB/C  mice  received  a  single  IP 
(intraperitoneal)  injection  of  200pl  PBS  (phosphate  buffered  saline).  All 
6  mice  were  euthanized  clinically  healthy  on  day  30  (9/3/98). 

c.  At  necropsy,  no  gross  lesions  were  observed  in  any  group. 

2,  rimiral  Phase^  Necropsv  and  harvesting  of  tissues: 

a.  The  clinical  phase,  necropsy  and  harvesting  of  tissues  was  performed  at  the 
Wayne  Hughes  Institute  Pre-Clinical  Laboratory,  2680  Patton  Road,  Roseville, 
MN  55113. 

b.  At  death,  all  mice  had  routine  postmortem  examinations.  All  tissues  were 
collected,  fixed  in  10%  formalin,  and  processed  for  histologic  sectioning  in  a 
routine  manner. 

c.  The  histology  slides  were  stained  with  Hematoxylin  and  Eosin. 

d.  The  histologic  evaluation  of  the  tissues  and  report  compilation  was  done  by 
B.Waurzyniak,  DVM.,  MS.,  (veterinary  pathologist). 
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Histopathologic  Evaluation  of  Tissues  from  BALB/C  Mice  on  an  Intraperitoneal  Toxicity 
Study  of  EGF-Conjugates  (EGF/24,  EGF/41,  EGF/ANB-NOS-24,  EGF/ANB-NOS-41,  and 
EGF/ANB-NOS-GEN);  Experiment  Dates  8/4/98. 


B.  RESULTS: 


1.  TABLE  1;  Treatment  Table  and  Mouse  Identification . 8/4/98 


TREATMENT: 

EGF/24 

EGF/41 

EGFA 

NOJ 

ANB- 

5-24 

EGF/ 

NO! 

ANB- 

5-41 

EGF 

/ANB-> 

GEN 

lOS- 

PBS 

GROUP: 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

DOSAGE  (ag): 

100 

200 

400 

800 

100 

200 

100 

200 

100 

200 

100 

200 

800 

0 

TX  ROUTE: 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

IP 

Outcome: 

1.  SM  = 
euthanized 
moribund 

2.  SH- 
euthanized 
healthy 

3.  D  =  died. 

All 

SH. 

All 

SH. 

All 

SH. 

All 

SH. 

All 

SH. 

All 

SH. 

All 

SH. 

All 

SH. 

All 

SH. 

All 

SH. 

All 

SH. 

All 

SH. 

All 

SH. 

All 

SH. 

Experiment 
duration  (days): 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

30 

Mouse  ID 
Numbers: 

19095 

19096 

19097 

19102 

19103 

19104 

PiS 

iSr- 

19064 

19100 

19101 

ii'-wfg 

1 

19070 

10979 

19077 

19078 

19091 

19092 

19093 

19060 

19073 

19074 

19071 

19072 

19075 

19076 

19143 

19144 

mvmm 

■BfJI 

19094 

19085 

19086 

19087 

19088 

19089 

#  Mice  /  Group 

3 

3 

3 

3 

2 

2 

3 

3 

3 

2 

2 

2 

3 

6 

#  Mice  Examined 

0 

0 

0  1 

3 

0 

2 

0 

3 

0 

2 

0 

0 

1  3 

6 

4,  No  test  agent  related  lesions  were  found  in  any  mice  in  this  study. 

5.  Incidental  findings:  (see  Table  2). 


a.  Epicarditis,  mild,  nonsuppurative,  focal,  chronic  was  present  in: 

1 .  1/3  (33%)  of  mice  from  Group  4  ^GF/24  800  p,g); 

2.  1/3  (33%)  of  mice  from  Group  8  (EGF/ANB-NOS-24  200  pg); 

3 .  1/6  (17%)  of  mice  from  Group  14  (PBS  -  Control). 

b.  Epicardial  dystrophic  mineralization,  mild,  chronic,  was  present  in: 

1 .  1/3  (33%)  of  mice  from  Group  4  (EGF/24  800  pg); 

2.  1/3  (33%)  of  mice  from  Group  8  (EGF/ANB-NOS-24  200  pg); 

3.  1/3  (33%)  of  mice  from  Group  13  (EGF/ANB-NOS-GEN  800  pg); 

4.  1/6  (17%)  of  mice  from  Group  14  (PBS  -  Control). 
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HistoDatholodc  Evaluation  of  Tissues  from  BALB/C  Mice  on  an  Intraperitoneal  Toxicity 
Study  of  EGF-Conjugates  (EGF/24,  EGF/41,  EGF/ANB-NOS-24,  EGF/ANB-NOS-41,  and 
EGF/ANB-NOS-GEN);  Experiment  Dates  8/4/98. 


c.  Hepatitis,  multifocal,  mild,  subacute,  was  present  in: 

1 .  1/3  (33%)  of  mice  from  Group  4  (EGF/24  800  pg); 

2.  1/2  (50%)  of  mice  from  Group  6  (EGF/41  200  pg); 

3.  1/6  (17%)  of  mice  from  Group  14  (PBS  -  Control). 

d.  Gastritis,  mild,  focal,  non-ulcerative,  subacute,  was  present  in: 

1 .  1/3  (33%)  of  mice  from  Group  4  (EGF/24  800  pg); 

2.  1/6(1 7%)  of  mice  from  Group  1 4  (PBS  -  Control). 

e.  Dystrophic  minerali2ation,  of  the  gastric  tunica  muscularis,  focal,  mild,  chronic, 
was  present  in: 

1 .  1/3  (33%)  of  mice  from  Group  8  (EGF/ANB-NOS-24  200  pg); 

2.  1/2  (50%)  of  mice  from  Group  10  (EGF/ANB-NOS-41  200  pg); 

3.  2/3  (67%)  of  mice  from  Group  13  (EGF/ANB-NOS-GEN  800  pg); 

4.  1/6  (17%)  of  mice  from  Group  14  (PBS  -  Control). 

C.  COMMENTS: 

1 .  The  EGF-Conjugates  (EGF/24,  EGF/41,  EGF/ANB-NOS-24,  EGF/ANB-NOS-41,  and 
EGF/ANB-NOS-GEN)  were  non-toxic  under  the  conditions  of  this  study.  All  mice  were 
euthanized  clinically  healthy  at  the  end  of  the  study. 

2.  Histologic  lesions  related  to  (IP)  EGF-Conjugates  (EGF/24,  EGF/41,  EGF/ANB-NOS-24, 
EGF/ANB-NOS-41,  and  EGF/ANB-NOS-GEN)  were  not  present  in  any  mice  in  the  study. 
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HistODathologic  Evaluation  of  Tissues  from  BALB/C  Mice  on  an  Intraperitoneal  Toxicity 
Study  of  EGF-Conjugates  (EGF/24,  EGF/41,  EGF/ANB-NOS-24,  EGF/ANB-NOS-41,  and 
EGF/ANB-NOS-GEN);  Experiment  Dates  8/4/98. 


TABLE  2:  Histopathologic  Evaluation  of  Tissues  from  BALB/C  Mice  on  a  Toxicity 


Study  of  EGF-Conjugates  (Experiment  Date  8/4/98). 
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Histonathologic  Evaluation  of  Tissues  from  BALB/C  Mice  on  an  Intraperitoneal  Toxicity 
Sy  SGF.Conjugates(EGF/24,EGF/41,EGF/ANB-NOS-24,  EGF/ANB-NOS-41,  and 
EGF/ANB-NOS-GEN);  Experiment  Dates  8/4/98, 


TABLE  4:  (Continued). 


Group  Number: 

4 

6 

8 

10 

13 

14 

Treatment: 

EGF/24 

EGF/41 

EGF/ANB- 

NOS-24 

EGF/ANB- 

NOS-41 

EGF/ANB- 

NOS-GEN 

PBS 

Treatment  Dose  (|Xg): 

'800 

200 

200 

200 

800 

0 

3 

2 

3 

2 

3 

6 

2.  NE 

0 

0 

0 

0 

0 

0 

Skin: 

1  WNL 

3 

2 

3 

1 

2 

6 

5.  NE 

d 

0 

0 

1 

b 

0 

3 

2 

3 

2 

3 

6 

2.  NE 

d 

0 

0 

0 

0 

b 

Spinal  cord: 

1  WNL 

0 

0 

0 

0 

1 

3 

\  NE 

3 

2 

3 

2 

2 

3 

3 

2 

3 

2 

3 

6 

0 

b 

b 

0 

b 

0 

2 

2 

2 

0 

1 

0 

4 

0 

2.  NE 

0 

0 

0 

3.  Gastritis,  mixed 

inflammation,  mild,  focal,  non¬ 
ulcerative,  subacute 

1 

(33%) 

0 

0 

0 

b 

1 

(17%) 

4.  Dystrophic 

mineralization,  focal,  mild, 
chronic,  tunica  muscularis. 

0 

0 

1 

(33%) 

1 

(50%) 

2 

(67%) 

i 

(17%) 

Thvmus: 

1.  WNL 

3 

2 

3 

2 

3 

6 

2.  NE 

b 

0 

b 

b 

b 

0 

Urinary  Bladder: 

1.  WNL 

3 

1 

2 

1 

2 

4 

'X”  NE 

0 

1 

1 

1 

i 

2 

Uterus: 

1.  WNL 

3 

2 

3 

2 

2 

6 

2.  NE 

b 

b 

0 

b 

1 

0 

WNL  =  within  normal  limits.  NE  =  not  examined. 

%  =  (number  of  mice  with  lesion  +  total  number  of  mice  examined)  x  100 
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Monkey  68J  EGF/ANB-NOS-Gen  Summary 


On  9/29/98,  day  1  of  this  study,  Monkey  68J,  a  female  adult  cynomologus  macaque,  was 
given  a  25ml  bolus  of  5mg  EGF/ANB-NOS-Gen  intravenously  over  a  two  minute  time 
period.  A  pre  infusion  pharmacology  sample  was  taken  as  well  as  blood  for  chemistry, 
CBC,  and  coagulation  tests.  A  non-sterile  urinalysis  was  also  done.  Time  points  for  blood 
draws  for  the  pharmacology  were:  lOmin,  20min,  30min,  Ihour,  2hour,  4hour,  8hour, 
and  12hour.  Pharmacology  sample  were  taken  every  day  up  to  the  one  week  sample  and  a 
two  week  sample  was  also  taken. 

Vitals,  chemistries,  and  CBCs  were  taken  on  days  1-10  and  15.  Coagulation  tests  were 
taken  on  days  1, 4, 7, 10,  and  15.  A  second  urinalysis  was  taken  on  day  15.  Clinical 
observations  are  detailed  in  the  attached  data  forms. 


The  sacrifice  date  for  this  monkey  is  10/13/98. 


Monkey  68N  EGF/ANB-NOS-Gen  Summary 


On  9/29/98,  day  1  of  the  study,  Monkey  68N,  a  female  adult  cynomologus  macaque 
weighing  3.9  kg,  was  given  a  25ml  bolus  of  Img  EGF/ANB-NOS-Gen  intravenouly  over 
a  two  minute  time  period.  A  pre  infusion  pharmacology  sample  was  taken  as  well  as  blood 
for  chemistry,  CBC,  and  coagulation  tests.  A  non-sterile  urinalysis  was  also  done.  Time 
points  for  blood  draws  for  the  pharmacology  were:  lOmin,  20min,  30min,  Ihour,  2hour, 
4hour,  8hour,  and  12hour.  Pharmacology  samples  were  taken  every  day  up  to  the  one 
week  sample  and  a  two  week  sample  was  also  taken. 

Vitals,  chemistries,  and  CBCs  were  taken  on  days  1-10  and  15.  Coagulation  tests  were 
taken  on  days  1, 4, 7, 10,  and  15.  A  second  urinalysis  was  taken  on  day  15.  Clinical 
observations  are  detailed  in  the  attached  data  forms. 

Sacrifice  date  for  this  monkey  is  10/13/98. 
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Toxicity  of  EGF/ANB-NOS-Gen  in  Cynomolgus  Monkeys 
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Toxicity  of  EGF/ANB-NOS-Gen  in  Cynomolgus  Monkeys 
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^Bilirubin  elevated  due  to  hemolytic  sample. 
‘Hemoglobin  level  decreased  due  to  blood  draw. 


Monkey  681  EGF/41  Summary 


On  9/16/98  on  day  1  of  this  study,  Monkey  681,  a  female  adult  cynomologus  macaque 
weighing  4.25kg,  was  given  a  25ml  bolus  of  5mg  EGF/41  intravenously  during  a  two 
minute  time  period.  A  pre  infusion  pharmacology  sample  was  taken  as  well  as  blood  for 
chemistry,  CBC,  and  coagulation  tests.  A  non-sterile  urinalysis  was  also  done.  Time 
points  for  blood  draws  for  the  pharmacology  were:  lOmin,  20min,  30min,  Ihour,  2hour, 
4hour,  8hour,  and  12hour.  Pharmacology  samples  were  also  taken  every  day  up  to  the  one 
week  sample  and  a  two  week  sample  was  also  taken 

Vitals,  CBCs  and  chemistries  have  been  taken  for  days  1-10  and  day  15.  Coagulation  tests 
were  taken  on  days  1, 4, 7, 10,  and  15.  Another  urinalysis  was  done  on  day  15.  Clinical 
observations  are  detailed  on  the  attached  data  forms. 

This  monkey  was  sacrificed  on  9/30/98. 


26 


Monkey  68K  EGF/41  Summary 


On  9/16/98  day  1  of  the  study,  Monkey  68K,  an  adult  female  cynomologus  macaque, 
weighing  4.05kg,  was  given  a  25ml  bolus  of  Img  EGF/41  intravenously  over  a  two 
minute  time  period.  A  pre  infusion  pharmacology  sample  was  taken  as  well  as  blood  for 
chemistry,  CBC,  and  coagulation  tests.  A  non-sterile  urinalysis  was  also  done.  Time 
points  for  blood  draws  for  the  pharmacology  were:  lOmin,  20min,  30min,  Ihour,  2hour, 
4hour,  8hour,  and  12hour.  Blood  was  drawn  for  pharmacology  timepoints  every  day  up 
to  the  1  week  sample  and  also  a  2  week  sample  was  drawn. 

Vitals,  chemistries  and  CBCs  were  taken  on  days  1-10  and  day  15.  Coagulation  tests  were 
also  taken  on  days  1,  4, 7, 10,  and  15.  Clinical  observations  are  detailed  on  the  attached 
data  forms. 

This  monkey  was  sacrificed  on  9/30/98. 
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Toxicity  of  EGF/41  in  Cynomolgus  Monkeys 


81 


Creatinine 

Electrolytes 

Proteinuria 


Toxicity  of  EGF/41  in  Cynomolgus  Monkeys 

im  Grade  of  Maximum  Toxicity  (Time) 


a 


LOglobin  level  decreased  due  to  blood  draw. 


MONKEY 

TOXICITY  AND  COMPLICATIONS  CRITERIA 


GRADE 

SITE 

MEASURE 

WNL 

HEMATOLOGY 

1.  WBC/ 

Leukocytosis 

4.0  -  14.0 
WNL 

3.0  -  3.9 

14.1  -  20.0 

2.0  -  2.9 

20.1  -  30.0 

<  1.0 
>  40.0 

2.  HgB 

>  11.5 

10.0  -  11.5 

8.0  -  9.9 

BB 

<  6.5 

3.  PLT 

>  150 

75.0  -  150.0 

50.0  -  74.9 

<  25.0 

FEEDING 

none 

decreased 

intake 

not  eating 

dehydration 
req.  IV 

GASTROINTEST 

Diarrhea 

none 

mild  amt  of 
soft  stool 

mod  amt  of 
soft  stool, 
diarrhea, 
minimal 
bleeding,  small 
amt  of  mucous 
in  stool 

watery 
diarrhea, 
excessive  amt 
of  soft  stool, 
large  amt  of 
mucous  in  stool 

bloody 
diarrhea  or 

severe 
dehydration 
due  to 
diarrhea 

LIVER 

1.  Bili 

<  1.3 

1.4  -  1.5 

1.6  -  2.0 

2.1  -  4.0 

>  4.0 

2.  ALT 

<60 

61  -  150 

151  -  300 

301  -  1200 

>  1200 

PANCREAS 

<  363 

364  -  545 

546  -  726 

727  -  1815 

>  1815 

RENAL 

1.  Urea  N 

<  20 

20  -  39 

40  -  59 

60  -  79 

>  80 

2.  Creatinine 

<  1-1 

1.2  -  1.5 

1.6  -  3.0 

3.1  -  6.0 

>  6.0 

3.  Urine: 
protein 

negative 

(1  or  more) 

+  1 

(1  or  more) 

+  2  to  +  3 

(1  or  more) 

+  4 

(1  or  more) 

>  +  4, 
marked 
protein  loss 

blood 

negative 

>  10 

see  blood 

see  blood  clots 

transfusion 
req.  bee  of 
bloody  urine 

infection 

negative 

+  5  WBC, 

<  10,000 
colonies,  (+) 

many  WBC 
(++) 

sheets  of  WBC, 
>  10,000 
colonies, 
(+++)  or 
(++++) 

sepsis  due 
to  urine 
dehydr, 
weight  loss, 
1.008  - 
1.012 

spec,  grav. 

1.013-1.035 

<1.013, >1.035 

1.008  -  1.012 

PULMONARY 

1 .  Clinical 

clear 

wheezing 

crackle 

severe  respir 
distress 

2.  Respir  Rate: 

a)  conscious 

b)  anesthetized 

28  -  32 

20  -  32 

m 

51  -  70 

51  -  70 

71  -  80 

71  -  80 

>  80 
>  80 

30 


GRADE 

SITE 

MEASURE 

WNL 

■nsHHi 

CARDIAC 

1.  Murmur 

none 

slight 

significant 

very 

significant 

2.  Heart  Rate: 
a)  conscious 

195  -  265 

160  -  195 

265  -  300 

125  -  159 

301  -  335 

<  125 
>  335 

b)  anesthetized 

145  -  195 

120  -  145 

195  -  220 

95  -  119 

221  -  245 

<  95 
>  245 

3.  Hypertension 

a)  conscious 

b)  anesthetized 

90  -  130/ 

35  -  65 

45  -  85/ 

25  -  45 

(1-2  readings) 
131  -  150/ 

66  -  80 

86  -  105/ 

46  -  55 

(all  3  readings) 

>  150/>  80 
(req.  saline) 

>  105/>  55 
(req.  saline) 

4.  Hypotension 

a)  conscious 

b)  anesthetized 

90  -  130/ 

35  -  65 

45  -  85/ 

25  -  45 

(1-2  readings) 
70  -  89/ 

25  -  34 

25  -  44/ 

15  -  24 

(all  3  readings) 

<  70/<  25 
(req.  saline) 

<  25/<  15 
(req.  saline) 

- 

NEUflOUOGY 

1 .  Motor 

no  change 

mild  weakness 

mod.  weakness 

severe 

weakness 

paralysis 

2.  Examination 
of  Gait 

(5)  normal 
strength/ 
coordination 

(4)  supportive 
standing,  min. 
paraparesis/ 
ataxia 

(3)  supportive 
standing, 
stumbles  freq. 
and  falls,  mild 
paraparesis/ 
ataxia 

(2)  can’t 
stand,  when 
assisted  - 
stumbles  and 
falls 

frequently, 

mod. 

paraparesis/ 

ataxia 

(1)  can’t 
stand,  slight 
movement 
when  held 
by  tail, 
severe 
paraparesis 

(0)  para¬ 
plegic 

3.  CNS 

no  change 

drowsy 

lethargic,  very 
drowsy 

seizures 

comatose 

SKIN 

1 .  Allergic 

none 

mild  rash 

swelling, 
hives,  itching 

generalized 
swelling, 
itching,  req. 
treatment 

skin 

sloughing 

2.  Alopecia 

none 

mild  localized 
loss 

complete  local 
loss,  mild 
general  loss 

severe 

generalized 

loss 

bald 

WEIGHT  CHANGE 

From  1st  day 

+  2%  -  4.9% 

±  5%  -  9.9% 

±  10  %-19.9% 

±>  20.0% 

COAGULATION 

1.  INR 

<  1.09 

1.09  -  1.35 

1.36  -  1.59 

1.6  -  2.1 

>  2.2 

2.  PTT 

<  34.0 

34.0  -  54.9 

55.0  -  79.5 

80.0  -  99.9 

>  100.0 

3.  CFIB 

(elev  =  infection) 

>  0.15 

0.11  -  0.15 

0.08  -  0.10 

0.05  -  0.07 

<  0.04 
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GR/\DE 

1 

SITE 

MEASURE 

WNL 

METABOLIC 

1 .  Anion  Gap 

<  16 

17  -  22 

23  -  30 

31  -  35 

>  36 

2.  Glucose 

65  -  115 

55  -  64 

116  -  160 

40  -  54 

161  -  250 

30  -  39 

251  -  500 

<  30 
>  500 

3.  Albumin 

>  3.5 

3.0  -  3.49 

2.0  -  2.9 

1.5  -  1.9 

<  1.5 

ACTIVITY 

1 .  Overall 

Activity 

Level 

no  symptoms 

symptoms, 
able  to  carry 
out  daily 
activities 

minimal 

prodding 

required 

strong 

prodding 

required 

can’t  move 
even  with 
prodding 

2.  Hunched/ 
Discomfort 

none 

mild 

moderate 

mod-severe 

severe 

TCMPERATURE 

Fever/ 

Hypothermia 

97°  -  101.5° 

101.6°  -  103° 

103.1°  -  104° 

>  104°, 

<  98.5°  consc, 

<  97°  anesth 
(not  induced) 

consistently 
>  104°, 
consistently 
<  97° 

INFECTION 

none 

runny 
eyes/nose, 
cough,  mild 
diarrhea 

localized  skin 
infection, 
severe  cold, 
mod.  diarrhea, 
w/o  systemic 
symptoms 

positive 

culture, 

w/systemic 

symptoms 

life 

threatening 

OVERALL  HEALTH 

Not  including 
blood  results 

mild 

moderate 

severe 

deathly  sick 
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Oi  cj  0  cr  > 


,  #50811 


new  data*  [A. 03. 00 
Sasmle  Name  EOF  J  T 

Preparation  PBS  FIGURE  lA 

Matrix  Sinnapinio  Acid 

User  Name  L.  Ronken 

Department  Name  Biotherapy 

Application 

1  mg/10  mL 

collected  Fri  Apr  17  10:45:52  1998 

Socessed  Fri  Apr  17  10:48:01  1998 

Pointed  Fri  Apr  17  10:52:41  1998 

MeSod°*  C :  \HPTOFOIjD\METHOD\PEP  -HEG  .  MET 

ColLction  Hode  Auto  Multi  Shot,  (S/N  28.5)  <=«  ^ 

Laser  Energy  2.28  (0.55)  uJ  Vacuum  1.44e-006  torr 


Vacuum 


Ion  Optics  28.0/7.0  kV 

Detector  -4.75  kV 

Digitizer  1000  mVFS 

Filter  None 


Mass  Range  20000  Da  Ion  ^txcs 

Maos  Rtlher  350  Da  Detector  -4./s  xv 

St“SU".l  5.0n,.=  Ze 

Polarity  Negative  Filter  None 

A2  5.1885630  A1  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2-ParMeter) 
Calibration  Date  Fri  Nov  04  15:09:44  1994 
Calibrator  Christopher  M.  Adame 

Calib  Data  File  C:\HPTOF\DATA\PEPNEG8.TOF  [#2091] 


1700- 


1600- 


1500- 


1400- 


1300. 


1200-2wS’ 

Vs 


*  ^'4t 

r>- 


1100^  to 


1000_; 


900- 


1000  1900  2800  3700  4600  5500  6400  7300  8200  9100  10000 

tn/z 


Sign: 
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Date: 


new  data*  [A. 03. 00  / 

Sample  Name  BGF 

Preparation  PBS 

Matrix  Sinnapinic  Acid 

User  Name  B.  Ronken 

Department  Name  Bio therapy 
Application 

1  mg/10  mli 


«5081] 


FIGURE  lA  (CONT’D) 


Collected 

Processed 

Printed 

Sequence 

Hethod 


Fri  Apr  17  10:45:52  1998 
Fri  Apr  17  10:48:01  1998 
Fri  Apr  17  10:52:41  1998 


HeSod*^  C :  \HPT0P0U5\METH0D\PEP-NEG  .MET 

collection  Mode  Auto  Multi  Shots  (S/N  28.5)  f 9  f ^ 
Laser  Energy  2.28  (0.55)  uJ  Vacuum  1.44e-006  torr 

Mass  Range  20000  Da  SL2^or°° 

iTnit-ft-r  350  Da  Detector  -4./0  xv 

'iUrv.l  5.0  M.C 

Polarity  Negative  Filter  None 

A2  5.1885630  Al  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2-ParMeter) 

Calibration  Date  Fri  Nov  04  15:09:44  1994 
calibrator  ^istop^r  M  Ad^ 


Ion  Optics  28.0/7.0  kV 

Detector  -4.75  kV 

Digitizer  1000  mVFS 

Filter  None 


Peak 

Height 

Area 

MW 

delMW 

1 

★ 

s 

972 

903 

1022.4 

2 

s 

1061 

1704 

1113.5 

91.1 

3 

* 

s 

1057 

1170 

1159.9 

46 .4 

4 

* 

s 

1011 

892 

1182.8 

22.9 

5 

★ 

s 

1065 

3920 

1205.6 

22.7 

€ 

* 

s 

971 

778 

1382.0 

176.4 

7 

s 

1000 

859 

1410.8 

28.8 

s 

s 

1040 

1277 

1429.1 

18.3 

9 

s 

899 

591 

3108.0 

1678.9 

10 

* 

s 

1003 

2400 

4550.1 

1442.1 

11 

it 

s 

873 

1005 

5419.2 

869.0 

12 

it 

s 

1246 

18962 

6197.7 

778.5 

13 

* 

s 

881 

950 

12396.7 

.  6199.0 

14 

* 

s 

856 

604 

12546.9 

150.2 

%err 


Name  (page  1  of  1) 


*cGaus8, 


iflected,  (C)alibrant/(S) ample,  M=Manual,  P#=Polymer,  ?  =  changed. 


3  tu  a  CJ  c  tr  > 


HKW  DATA*  [A. 03. 00  ,  #50911 

San^le  Name  BGP/SANPAH  1:1 

Preparation  PBS 

Matrix  Sinnapinic  Acid 

User  Name  L.  Ronken 

Department  Name  Biotherapy 
Application 

4/14/98 

Collected  Fri  Apr  17  11:32:24  1998 

Processed  Fri  Apr  17  11:34:03  1998 

Printed  Fri  Apr  17  11:34:06  1998 

Sequence 

Me  thod  C :  \HPTOFOIiD\METHOD\PEP  -NEC .  MET 

Collection  Mode  Auto  Multi  Shots  (S/N  93.0)  (50  of  79)  Mesa  1  125-25] 

Laser  Energy  1.23  (0.43)  uJ  Vacuinn  1.80e-006  torr 

Mass  Range  20000  Da  Ion  Optics  28.0/7.0  kV 

Mass  Filter  350  Da  Detector  -4.75  kV 

Data  Interval  5.0  nsec  Digitizer  1000  mVFS 

Polarity  Negative  Filter  None 

A2  5.1885630  A1  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2 -Parameter) 

Calibration  Date  Fri  Nov  04  15:09:44  1994 
Calibrator  Christopher  M.  Adams 

Calib  Data  File  C:\HPTOF\DATA\PEPNEG8.TOF  [#2091] 


FIGURE  IB. 


3200- 


2900- 


2600- 


(0 

Q 

00 

s 

CO 


2300-^ 


2000- 


C  1700- 
e 

1400-- 


3700  4300  4900  5500  6100  6700  7300  7900  8500  9100  9700 

m/z 


Sign: _ _  Date:  /  / 
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new  data* 

Saa^le  Name 

Preparation 

Matrix 

User  Name 

Department  Name 

Application 

4/14/98 

Collected 

Processed 

Printed 


[A. 03. 00  #  #5091] 

BGF/SANPAH  1:1 
PBS 

Sinnapinic  Acid 
L  *  Ronken 
Biotherapy 


FIGURE  IB  (CONT’D) 


Fri  Apr  17  11 i 32: 24  1998 
Fri  Apr  17  11:34:03  1998 
Fri  Apr  17  11:34:06  1998 


Sec[uence 

Hethod 


C : \HPTOFOLD\METHOD\PEP -HEG . MET 

Auto  Multi  Shots  (S/N  93.0)  (50  of  79)  Mesa  1 

1.23  (0.43)  uJ  Vacuum  1.80e-006  torr 

20000  Da  Ion  Optics  28.0/7.0  kV 

350  Da  Detector  -4.75  kV 

5.0  nsec  Digitizer  1000  mVFS 

Negative  Filter  None 

A2  5.1885630  A1  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2 -Parameter) 

Calibration  Date  Fri  Nov  04  15:09:44  1994 
Calibrator  Christopher  M.  Adams 

Calib  Data  File  C:\HPT0F\DATA\PEPNEG8.T0F  [#2091] 


Collection  Mode 
Laser  Energy 

Mass  Remge 
Mass  Filter 
Data  Interval 
Polarity 


[25-25] 


Peak 

Height 

Area 

MW 

delHW 

%err 

1 

* 

S 

1024 

779 

977.3 

2 

* 

S 

951 

839 

997.2 

20.0 

3 

s 

982 

582 

1136.5 

139.2 

4 

♦ 

s 

1002 

1082 

1157.7 

21.2 

5 

* 

s 

1038 

1370 

1178.8 

21.2 

6 

* 

s 

1089 

1889 

1201.3 

22.4 

7 

* 

s 

935 

628 

1382.1 

180.8 

8 

* 

s 

991 

956 

1424.4 

42.3 

9 

* 

s 

981 

786 

1446.2 

21.8 

10 

* 

s 

922 

651 

1695.7 

249.5 

11 

* 

s 

2131 

46211 

6184.2 

4488.5 

12 

s 

1356 

5411 

6425.4 

241.2 

13 

s 

M  1047 

2764 

6646.1 

220.7 

14 

* 

s 

926 

2340 

12390.9 

5744.8 

15 

s 

1070 

687 

18094.9 

5704.0 

Name  (page  1  of  1) 


6-'^ 


♦sGauss,  (D)eflected,  (C) alibrant/ (S) aa^le,  M=Manual,  P#=Polymer,  ?  =  changed. 


Sign: 


Date: 
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0.  3  C  O'  > 


NBH  DATA*  [A. 03. 00 


#5095] 


fimtipT »  Nasi6  BGF/SAHPAH  1:5 

Preparation  PBS 

Matrix  Sixmapinic  Acid 

User  Name  I*  •  Ronken 

Department  Name  Biotherapy 
Application 

4/14/98 


figure  1C 


Collected  Fri  Apr  17  11:40:46  1998 

Processed  Fri  Apr  17  11:42:08  1998 

Printed  Fri  Apr  17  11:42:20  1998 

Sequence 

He  thod  C : \HPT0F0IJ)\METH0D\PEP -NEG . MET 

Collection  Mode  Auto  Multi  Shots  (S/N  77.4)  (50  of  69)  Mesa  5  [25-25] 

Laser  Energy  1.05  (0.17)  uJ  Vacuum  9.47e-007  torr 


Mass  Reuxge 
Mass  Filter 
Data  Interval 
Polarity 


20000  Da 
350  Da 
5.0  nsec 
Negative 


Ion  Optics  28.0/7.0  kV 
Detector  -4.75  kV 

Digitizer  1000  mVFS 

Filter  None 


A2  5.1885630  A1  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2 -Parameter) 
Calibration  Date  Fri  Nov  04  15:09:44  1994 
Calibrator  Christopher  M.  Adams 

Calib  Data  File  C:\HPTOF\DATA\PEPNEG8.TOF  [#2091] 


2800- 


2600- 


2400- 


2200- 


2000- 


1800- 


1600- 


1400- 


1200- 


1000- 


A 


3700  4300  4900  5500 


Sign: 


6100  6700  7300 

m/z 


7900  8500  9100  9700 


Date: 


/  / 
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NKW  DATA*  [A.03.00  /  # 

S&XDplo  Hmio  KGF/SANPAH  1*5 


#50951 


Preparation  FBS  .  .  .  •  ^  A Vr  U  JVJL  X 

Matrix  Sinnapinic  Acid 

User  Name  Ronken 

Department  Name  Bio therapy 

Application 

4/14/98 

Collected  Fri  Apr  17  11:40:46  1998 

Processed  Fri  Apr  17  11:42:08  1998 

Printed  Fri  Apr  17  11:42:20  1998 

Secruence  ^ 

Method  C :  \HPT0F0LD\MKTH0D\PEP -NEG . MET 

collection  Mode  Auto  Multi  Shots  (S/N  77.4)  (50  of  69)  Mesa  5  [25-25] 

Laser  Enerov  1.05  (0.17)  uJ  Vacuum  9.47e-007  torr 


Fri  Apr  17  11:40:46  1998 
Fri  Apr  17  11:42:08  1998 
Fri  Apr  17  11:42:20  1998 


FIGURE  1C  (CONT’D) 


Laser  Energy 


9.47O-007  torr 


Ion  Optics  28.0/7.0  kV 

Detector  -4.75  kV 

Digitizer  1000  mVFS 

Filter  None 


Mass  Range  20000  Da  Ion  Optics  28.u//.u  kv 

Mass  Filter  350  Da  Detector  -4.75  kV 

Data  Interval  5.0  nsec  Digitizer  1000  mVFS 

Polarity  Negative  Filter  None 

A2  5.1885630  A1  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2 -Parameter) 

Calibration  Date  Fri  Nov  04  15:09:44  1994 
Calibrator  Christopher  M.  Adams 

Calib  Data  File  C:\HPT0F\DATA\PEPNEG8.T0F  [#2091] 

.V  Area  MW  delMW  %err  Name  (page  1  of  1) 


1  *  S 

2  *  S 

3  ♦  S 

4  *  S 

5  *  S 

6  *  S 

7  *  S 

8  *  S 


Height 

893 

942 

891 

847 

1900 

1069 

906 

891 

856 


Area 

726 

790 

615 

510 

20074 

5906 

63 

2289 

618 


1113.2 

1200.5 

1224.3 

5063.4 

6179.4 

6420.6 

6618.7 

12363.1 

12865.1 


87.2 

23.9 

3839.1 

1116.0 

241.2 

198.1 

5744.5 

502.0 


=Gauss,  (D)eflected,  (C) alibrant/ (S)  ample,  M=Manual,  P#=Polymer,  ?  =  changed. 


Date: 


39 


tJ  0)  q.  3  d  cr  > 


NEW  DATA*  [A. 03. 00 


#5132] 


Sanqple  Name 

Preparation 

Matrix 

User  Name 

Department  Name 

Application 

4/14/98 

Collected 

Processed 

Printed 


S6F/SANPAH  1:7.5 
PBS 

Sinnapinic  Acid 
L •  Ronken 
Biotherapy 


Mon  Apr  20  12:43:25  1998 
Mon  Apr  20  12:52:40  1998 
Mon  Apr  20  12:54:33  1998 


FIGURE  ID 


Sequence 

Method  C:\HPTOFOLD\METHOD\PEP-NEG.MET* 

Collection  Mode  Single  Shots  (55  of  263)  Mesa  6  [14-117] 
Laser  Energy  3.06  (0.52)  uJ  Vacuum  7.03e-007  ton 

Mass  Range  20000  Da  Ion  Optics  28.0/7.0  kV 

Mass  Filter  350  Da  Detector  -4.75  kV 

Data  Interval  5.0  nsec  Digitizer  1000  mVFS 

Polarity  Negative  Filter  None 

A2  5.1885630  A1  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2 -Parameter) 

Calibration  Date  Fri  Nov  04  15:09:44  1994 
Calibrator  Christopher  M.  Adams 

Calib  Data  File  C:\HPTOF\DATA\PEPNEG8.TOF  [#2091] 


1600- 


1520- 


1440- 


1360- 


1280- 


1200_‘ 


®  1120- 


1040_ 


960- 


^  S  ^ 

3. 

tTOO  ct 

1^0  i5o 

cgco  uSi 


5o6o  7000  90(1)0  11000  13000  15000 

m/z 


17000 


19000 


Sign: 


'40 


Date: 


16  -  S  19471.4Da 


HEW  DATA*  [A. 03. 00  »  #5132] 

San^le  Hame  B6F/SAHPAH  1:7.5 

Preparation  PBS 

Matrix  Sinnapinic  Acid 

User  Hame  D.  Ronken 

Department  Name  Biotherapy 
Application 

4/14/98 


FIGURE  ID  (CONT’D) 


Collected 

Processed 

Printed 

Sequence 

Method 


Mon  Apr  20  12:43:25  1998 
Mon  Apr  20  12:52:40  1998 
Mon  Apr  20  12:54:33  1998 


Ion  Optics  28.0/7.0  kV 

Detector  -4.75  kV 

Digitizer  1000  mVFS 

Filter  None 


Height 

Area 

MW 

delMW 

3177 

8684 

1159.0 

3442 

14390 

1182.1 

23.1 

2480 

4930 

1404.9 

222.8 

3230 

12002 

1428.1 

23.2 

1106 

65 

6252.8 

4824.7^ 

1300 

5474 

6451.5 

198.7 

1351 

2119 

6689.4 

238.0 

1287 

-64 

6908.6 

219.2 

977 

553 

9743.6 

2835.0 

941 

665 

12746.4 

3002.8 

943 

702 

13088.1 

341.7 

945 

543 

13556.2 

468.1 

950 

934 

13711.6 

155.4 

947 

509 

14639.4 

927.7 

927 

545 

16143.6 

1504.2 

915 

519 

19471.4 

3327.8 

Name  (page  1  of  1} 


Method  C : \HPTOFOLD\MBTHOD\PEP-NEG .MET* 

Collection  Mode  Single  Shots  (55  of  263)  Mesa  6  [14-117] 
Laser  Energy  3.06  (0.52)  uJ  Vacuum  7.03o-007  torr 

Mass  Reuige  20000  Da  Ion  Optics  28.0/7.0  kV 

Mass  Filter  350  Da  Detector  -4.75  kV 

Data  Interval  5.0  nsec  Digitizer  1000  mVFS 

Polarity  Negative  Filter  None 

A2  5.1885630  A1  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2 -Parameter) 

Calibration  Date  Fri  Nov  04  15:09:44  1994 
Calibrator  Christopher  M.  Adams 

Calib  Data  File  C:\HPT0F\DATA\PEPNEG8.T0F  [#2091] 

Peak  Height  Area  MW  delMW  %err  Name 


1  *  S 

2  *  S 

3  *  S 

4  ♦  S 

5  S 

6  *  S 

7  *  S 


10  *  S 

11  ♦  S 

12  S 

13  *  S 

14  ♦  S 


♦cGauss,  (D)eflected,  (C)  alibrant/ (S)  an^le,  MsManual,  PttsPolymer,  ?  =  changed. 


Sign: 


Date: 


p  {u  CL  3  d  cr  > 


NEW  DATA*  [A. 03. 00 


,  #51191 


Sasqple  Name 

Preparation 

Matrix 

User  Name 

Department  Name 

Application 


EGF/SANPAH  1  ic 

PBS 

Sinnapinic  Acid 
L.  Ronken 
Biotherapy 


4/14/98 

Collected 

Sat 

Processed 

Sat 

Printed 

Sat 

Apr  18  14:52:38  1998 
Apr  18  15:05:43  1998 
Apr  18  15:06:10  1998 


Sequence 

Method 


C : \HPT0F0LD\METH0D\PEP -NKG . MET 


Collection  Mode 
Laser  Energy 

Mass  Range 
Mass  Filter 
Data  Interval 
Polarity 


Single  Shots  (57  of  106)  Mesa  7  [41-98] 
2,95  (0.61)  uJ  Vacuxim  4.10e-007  torr 


20000  Da 
350  Da 
5.0  nsec 
Negative 


Ion  Optics 
Detector 
Digitizer 
Filter 


28.0/7.0  kV 
-4.75  kV 
1000  mVFS 
None 


A2  5.1885630  A1  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2 -Parameter) 
Calibration  Date  Fri  Nov  04  15:09:44  1994 
Calibrator  Christopher  M.  Adams 

Calib  Data  File  C ; \HPTOF\DATA\PEPNEG8 . TOF  [#2091] 


FIGURE  IE 


2100- 


C 

e 


1900- 


1700- 


¥ 

1500- 'I  V* 


1300- 


1100- 


2860  3500  4200  49^0  5600  6300  7o6o  7760  8400 

m/z 


Sign: 


42 


Date: 


9100  9800 

/  / 


NEW  DATA*  [A. 03. 00  »  #5119] 

Sanqple  Name  KGF/SANPAH  IQ 

Preparation  PBS 

Uatrix  Sinnapinic  Acid 

User  Name  D.  Ronken 

Department  Name  Biotherapy 
Application 

4/14/98 


FIGURE  IE  (CONT’D) 


Collected 

Processed 

Printed 

Sequence 

Method 


Sat  Apr  18  14:52:38  1998 
Sat  Apr  18  15:05:43  1998 
Sat  Apr  18  15:06:10  1998 


Me  thod  C : \HPTOFOLD\METHOD\PEP -NKG . MKT 

Collection  Mode  Single  Shots  (57  of  106)  Mesa  7  [41-981 
Laser  Energy  2.95  (0.61)  uJ  Vacuum  4.10e-007  torr 

Mass  Range  20000  Da  Ion  Optics  28.0/7.0  kV 

Mass  Filter  350  Da  Detector  -4.75  kV 

Data  Interval  5.0  nsec  Digitizer  1000  mVFS 

Polarity  Negative  Filter  None 

A2  5.1885630  A1  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2 -Parameter) 

Calibration  Date  Fri  Nov  04  15:09:44  1994 
Calibrator  Christopher  M.  Adams 

Calib  Data  File  C:\HPT0F\DATA\PEPNEG8.T0F  [#2091] 


Ion  Optics  28.0/7.0  kV 

Detector  -4.75  kV 

Digitizer  1000  mVFS 

Filter  None 


Peak 

1  *  S 

2  ♦  S 

3  *  S 

4  *  S 

5  *  S 

6  *  S 

7  *  S 


12  *  S 


15  *  S 

16  *  S 

17  *  S 

18  S 


Height 

Area 

MW 

delMW 

3034 

8516 

1158.0 

2930 

6516 

1180.8 

22.8 

3521 

14052 

1202.7 

21.9 

3140 

12575 

1425.3 

222.7 

3177 

10810 

1447.8 

22.5 

1268 

2433 

6440.3 

4992.4- 

1458 

2446 

6682.2 

242.0- 

1375 

1421 

6880.2 

198.0- 

1089 

509 

9908.4 

3028.2 

1085 

565 

10795.9 

887.4 

1062 

937 

12608.1 

1812.2 

1059 

658 

13273.9 

665.8 

1064 

765 

13384.4 

110.5 

1064 

772 

14319.9 

935.5 

1062 

867 

15132.0 

812.1 

1047 

517 

15407.7 

275.7 

1026 

582 

18507.7 

3100.0 

1033 

886 

18622.7 

115.0 

1026 

544 

19003.8 

381.2 

%err  Name  (page  1  of  1) 


♦«Gauss,  (D)eflected,  (C)  alibrant/ (S)  ample,  M=Manual,  P#=Polymer,  ?  «  changed. 


Sign: 


Date: 


pi  C3  c  cr  > 


NEW  DATA*  [A. 03. 00  /  #51081 

Saiiq[>le  Maine  EGF/Genistein  lilO  lpA«.  ~  y»\^oVo\y 

Preparation  PBS 

Matrix  Sinnapinic  Acid 

User  Name  Ronken 

Department  Name  Biotherapy 

Application 

4/15/98 

Collected  Fri  Apr  17  13 *332 31  1998 

Pj^ocessed  Prx  Apr  17  13  :35  s 31  1998 

Printed  Fri  Apr  17  13:35:41  1998 


FIGURE  IF 


Seouence 

Method  C;\HPTOFOLD\METHOD\PEP-NEG.MET 

Collection  Mode  Auto  Multi  Shots  (S/N  31.1)  (50  of  113)  Mesa  10  [57-59] 
Laser  Energy  1.76  (0.53)  uJ  Vacuum  6.17e-007  torr 

Mass  Range  20000  Da  Ion  Optics  28.0/7.0  IcV 

Mass  Filter  350  Da  Detector  -4.75  IcV 

Data  Interval  5.0  nsec  Digitizer  1000  mVFS 

B/..1  «»■•!  t-v  Haaative  Filter  None 


Mass  Range  20000  Da  Ion  Optics  28. 0/7. u 

Mass  Filter  350  Da  Detector  -4.75  IcV 

Data  Interval  5.0  nsec  Digitizer  1000  mVFJ 

Polarity  Negative  Filter  None 

A2  5.1885630  A1  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2-Parameter) 
Calibration  Date  Fri  Nov  04  15:09:44  1994 
Calibrator  Christopher  M.  Adams 

Calib  Data  File  C:\HPT0F\DATA\PEPNEG8.T0F  [#20911 


1620- 


1530- 


1440. 


CO 

o>  CO 

CO  S 
Oi  ^ 

5S 

to  CN4 

CO  S 

♦  CD 
*  o 

CD  ^ 


1350^ 


1260- 


1170- 


1080- 


00  <2 

CO 

a 

1  s 

0 

1 

o> 

i  CO 

0 

CO 

'  ♦ 

1 

1  Oi 

i\ 

CO 

* !  \  ’ 

'  1  1 

0 

T— 

900_ 


3‘ioO  3900  4600  5300  6000  6700  746o  8100  8800  9500 

m/z 


Sign: 


44 


Date: 


FIGU]^  IF  (CONT’D) 


Collected  Fri  Apr  17  13:33:31  1998 

Processed  Frl  Apr  17  13:35:31  1998 

Printed  Frl  Apr  17  13:35:41  1998 

Sequence 

Method  C:\HPTOFOLD\METHOD\PKP-NEG.MET 

Collection  Mode  Auto  Multi  Shots  (S/N  31.1)  (50  of  113)  Mesa  10  [57-59] 

Laser  Energy  1.76  (0.53)  uJ  Vacuum  6.17e-007  torr 

Mass  Rwge  20000  Da  Ion  Optics  28.0/7.0  kV 

Mass  Filter  350  Da  Detector  -4.75  kV 

Data  Interval  5.0  nsec  Digitizer  1000  mVFS 

Polarity  Negative  Filter  None 

A2  5.1885630  A1  -0.4177490  AO  0.0084090  res  16.1913010 
Calibration  -  Program  Calculated  (2 -Parameter) 

Calibration  Date  Frl  Nov  04  15:09:44  1994 
Calibrator  Christopher  M.  Adams 

Callb  Data  File  C:\HPTOF\DATA\PEPNEG8.TOF  [#2091] 


Peak 

Height 

Area 

MW 

delMW  %err  Name  (page 

1  of  1) 

1  ♦ 

S 

1491 

3756 

1075.8 

2  * 

S 

1771 

7956 

1119.5 

43.7 

3  * 

S 

1387 

6008 

1208.1 

88.6 

4  * 

S 

1283 

1816 

1454.3 

246,2  ,  .  \ 

4992.7— 

251.9 -top 

5 

S 

910 

992 

6447.0 

6  ♦ 

S 

1278 

13601 

6698.9 

7  * 

s 

1250 

12509 

6929.9 

231.0- 

8  * 

s 

M 

1137 

2790 

7140,4 

210,5- 

9  * 

s 

M 

1006 

569 

7339.7 

199.3' 

10 

s 

M 

925 

143 

7609.0 

269.3- 

*&Gauss,  (D)e£lected,  (C) allbremt/ (S) ample,  M=Manual,  P#=Polymer,  ?  s  chemged. 


NEW  DATA*  [A. 03. 00  ,  #5108] 

Sample  Name  BGF/Genlsteln  1:10 

Preparation  PBS 

Matrix  Slnnaplnlc  Acid 

User  Name  L.  Ronken 

Department  Name  Blotherapy 
Application 

4/15/98 


Sign: 


/  / 


45 


Date: 


FIGURE  2 


Tr  •  C^t 

-k  e: 


^  > 
)  e 


>  < 


^  ^  J 

N  ^  > 


^  '> 


>.  VA 

.r 


\ 

o 


\i 


1^5''^ 

I  ^  ^ 


^ 

•ti 


V 


•-  ^ 

“  v^  \5 


N 

> 

I 

S 

\ 
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FIGURE  3A  (CONT’D) 


bt20  EGF: _ 

Mod*:  Endpoint  S40  nm 

Plate  10: 

Cone. Unit: 


Comment: 

Masked  Wells: 
Transformations: 

1  :  «*#.  #-.1153333333 

2  !  O 


Protocol: 

Date: 

Segment: 

Operator: 


DEF-10 
07/24/98. 
1:  A1-Hi; 


Transf.  Reap.: 
Transf.  Unit.: 


16:07:14 


Vcv  \  *  c)^ 


SAN)-  Ge/O 
Cl'.2'>  ^  \'‘ 2°) 


figure  3C 


IIMC  CWW  LEV  K?  TYfE  HHECTWY 
OUEniOH  MTf  C7i2«ll  *  I  1  On?  C:\Ki.r.\SYSlWTfi-. 

KTK05  ISTWrSl  C:\6C!.5\SY31«ETH\ 


TIKE  MTE 

IMECTIW  12: <8:07  7  JUL  199 
K1*0RT  1<:07:U  7  JUL  PV 


WTW  t 


fttworbiDce 

-0.0932  0.0200  0.1332  C.2<4<  0.3594 


«.B3- 

9.24- 


e.<728 

_l 


tv 


«.«- 

55.35- 


S9.5<;  M.53 


FIGURE  4A  (CONT’D) 

BT20  EGF/ANBNOSQEN  irtW  ; 

Pag«:  1 

figure  4A  (CONT’D) 


BT20  EQF/ANBNOSaEW  irtWHPtXIH: 


Mod«: 

.  Plat*  tO: 

•  Cone.UnIt: 

Commant: 

Masked  Walls: 
Transformations: 

1  :  O-f.  «<i.081 
2:0 
3:0 
4:0 

Ghaka:  M 


Endpoint  540n 


l>aga: 


Protocol: 

Data: 

Sagmant: 

Operator: 


OEF-10 

09/0e/9«.  17:32:08 

1:  A1-H12 


Transf.  Rasp.: 
Tranaf.  Unit.: 


C{uo)cr.^s) 

% 


mos-  FIGURE  4B 

CxwoYy-yo)  Yf 


r 


■me  CHM  lev  rep  TfPE  BIRECTORY 

auBtiw  l*t»  m022M  «  1  I  S'-!  EiS:'®”!?"; 


TIHE 

IWECTIOR  10822:0* 
REPORT  U:«il3 


SYSTOI  I 

-0.0010 

o,«-r/  ^ 


Rb$orb<ftce 
0,1403  0.3217 


0.4031 

I  ^ _ 1 - 


0.80S8 


55 


figure  4B  (CONT’D) 


BT20<EQFAN6NaSG«nHPI.CIH7/14/«6: 


Page 


Moda:  EodpoM  540  nm 

lata  ID: 

Cone. Unit: 


Commant: 

Maakad  Walls: 
Transformations: 

1  :  0  «.  #-.1116333333 
2:0 
3:0 
4:0 

Shaka:  Mad.  lOsac 


Protocol: 

Data; 

Sagmant: 

Operator; 


A8C-10 

07/17/98.  17:17:02 

1:  A1-H12 


Transf.  Rasp.: 
Transf.  Unit.: 


Plate  &  Template 


1  2  3  4  S  6  7  8  9  10  11  12 


A 


C 


b9 

mm 

mm 

EES 

mSS 

IwMjl 

nRfi 

R^^ 

99 

IjMjWjl 

mm 

Ek5! 

HRa 

EaBl 

QFg] 

[my 

m£i 

EBEI 

iImi  ^ 

IRffll 

RKr  4 

RRR 

ii 

mmji 

Qgy 

yjitMji 

riofii 

B 

IPI 

RRMI 

RPRS 

iVHI 

RP9 

nn 

Pin 

Pin 

IIH9 

RRtS 

RKR 

RBI 

RRR 

R^R 

0 


p 


£g  ^ /a m os-  6  e,/o  FIGURE  4C  - 

Cl -.'0^6 -.20)  Mo\  fip 


r 


MME 

COLLECTIM  MM  2712!!^ 
HETHOO  1£Tl«n)l 


CWH  LEV  R£p  TYPE  OMECTORt 
ft  1  I  Qriq  Cj\ML5\SYSlMTfl\ 
C:\S13LS\SYSmETH\ 


IMECTIOM 

REPORT 


SYSTEM  1 


ftbiartMKt 


THE 

12{tl:08 

i:j28!l7 


I  42.« 

L2& 


58 


FIGURE  4C  (CONT’D) 


8T20/EGFANBQ«n  notpp1-20HPLC»l; 


/  Mode: 
Plat*  ID: 
Conc.Unit: 


Endpoint  540  nm 


Commant: 

Maaked  Walts: 
Transformations: 

1  ;  «-#,  f«.094S 
2:0 
3rC 
4:  O 

Shaks:  Med.  tOsec 


Protocol:  OEF-10 

Oats:  05/01/98,  10:20:35 

Ssgmsnt:  t:  A1-H12 

Transf.  Rasp.:  7Ah-  }/Jc^4fA^o>n 

Transf.  Unit.: 


FIGURE  4C  (CONT’D) 


MO AMe231  EQFAWBQn  nopp 


1 


C  Mode:  Endpoint  540  nm 

Plato  10: 

Cone.Unit: 

Commont: 

Maakod  WolU:  A0C1C11 
Transformations: 

1  :  0-i,  fo.073 


4:  O 

Shako:  Mod.  lOsoc 


Protocol:  OEF-10 

Oats:  00/01/96.  10:42:17 

Sosmont:  1:  A1*H12 


Transf.  Rosp.: 
Transf.  Unit: 


Plate  &  Template 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

A 

-.001 

0.726 

0.704 

0.745 

0.745 

0.752 

0.708 

0.791 

0.761 

0.784 

-.001 

8 

-.003 

0.773 

0.618 

0.719 

0.769 

0.777 

0.789 

0.740 

0.799 

0.749 

0.776 

-.002 

C 

X 

0.782 

0.752 

0.714 

0.820 

0.808 

0.794 

0.765 

0.851 

0.780 

X 

-.002 

D 

» 

-.002 

0.000 

0,748 

10.00 

0.624 

5.000 

0.663 

2.500 

0.748 

1.250 

0.766 

0.625 

0,763 

0.312 

0.790 

0.156 

0.806 

0,756 

0.000 

0.767 

4 

0.301 

E 

4 

-.003 

0.000 

0.757 

10.00 

0.474 

5.000 

0.615 

2.500 

0.709 

1.250 

0.710 

0.625 

0.748 

0.312 

0.787 

0.156 

0.798 

0.719 

0.000 

0.779 

4 

0.0C2 

r 

♦ 

0.003 

0.000 

0.735 

10.00 

0.518 

5.000 

0.661 

2.500 

0.719 

1.250 

0.717 

0.625 

0.771 

0.312 

0.795 

0.156 

0.806 

0.715 

0.000 

0.741 

4 

-.001 

G 

-.034 

-.034 

-.040 

-.042 

-.043 

-.042 

-.042 

-.041 

-.043 

-.043 

-.036 

-.036 

H 

-.034 

-.034 

-.033 

-.033 

-.033 

1-.033 

-.035 

-.033 

-.034 

-.032 

-.035 

-.036 

Point  to  Point 


60 


Date: 

PAGE  ^  % 

Buffer  System:  Laemmli 


FIGURE  5 


Gel#:. 


A- 


Other. 


•  A>OS 


Lane 

Sample 

Volume  (ul) 

1 

(  -a 

2 

^  -o 

3 

' 

4 

6  '3 

5 

/(h:^  H’pc.C.  2^ 

3^^ 

6 

S  -5 

7 

(o 

8 

/  ,  '  '  «-s.. 

'Is 

9 

^  ^  /  C* •'«>')  ✓ 

l^( 

10 

— - -i - - - 7^ 
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FIGURE  7A 


Effect  of  EGF/24  on  Survival  of  Balb/c  Mice 
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FIGURE  7B 

Effect  of  EGF/41  on  Survival  of  Balb/c  Mice 
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FIGURE  7C 

Effect  of  EGF/ANB-NOS-24  on  Survival  of  Balb/c  Mice 
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FIGURE  7D 

Effect  of  EGF/ANB-NOS-41  on  Survival  of  Balb/c  Mice 
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FIGURE  7F 

Effect  of  EGF/24  on  Survival  of  Balb/c  Mice 
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FIGURE  7G 

Effect  of  EGF/41  on  Survival  of  Balb/c  Mice 
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FIGURE  7H 

Effect  of  EGF/ANB-NOS-24  on  Survival  of  Balb/c  Mice 
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INTRODUCTION 


We  have  continued  our  efforts  to  optimize  the  design  of  the  EGF-Genistein 
and  related  tyrosine  kinase  inhibitor  conjugates.  The  goal  of  these 
continuing  efforts  is  to  prepare  a  new  generation  of  EGF  conjugates  with 
unprecedented  activity  as  well  as  stability.  The  design  optimization 
represents  work  done  at  the  Hughes  Institute  whereas  the  mouse  and 
monkey  studies  are  being  conducted  at  the  University  of  Minnesota.  The 
work  as  well  as  analyses  are  ongoing  and  no  conclusions  are  yet  possible 
as  to  whether  or  not  the  novel  EGF  conjugates  will  be  superior  to  the  first 
generation  EGF  conjugates.  Depending  on  these  results,  we  will  pick  the 
most  promising  conjugate  and  start  its  use  as  part  of  combined 
biochemotherapy  regimens,  as  originally  proposed  in  our  application. 

BODY 

SECTION  I:  DESIGN  OPTIMIZATION 
MATERIALS  AND  METHODS 

Preparation  of  EGF-GenIstein  and  Related  Conjugates  .  rhEGF  was 
produced  in  E.  coli  harboring  a  genetically  engineered  plasmid  that 
contains  a  synthetic  gene  for  human  EGF  fused  at  the  N-terminus  to  a 
hexapeptide  leader  sequence  for  optimal  protein  expression  and  folding. 
rhEGF  fusion  protein  precipitated  in  the  form  of  inclusion  bodies  and  the 
mature  protein  was  recovered  by  trypsin-cleavage  followed  by  purification 
using  ion  exchange  chromatography  and  HPLC.  rhEGF  was  99%  pure  by 
reverse-phase  HPLC  and  SDS-PAGE  with  an  isoelectric  point  of  4.6  ±  0.2. 
The  endotoxin  level  was  0.17  EU/mg. 
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The  recently  published  photochemical  conjugation  method  using  the 
hetero-bifunctional  photoreactive  crosslinking  agent,  Sulfosuccinimidyl  6- 
[4’azido-2’-nitrophenylamino]hexanoate  (Sulfo-SANPAH)  (Pierce  Chemical 
Co.,  Rockford,  IL)  was  initially  employed  in  the  synthesis  of  the  EGF- 
Genistein(Gen)  conjugates.  Sulfo-SANPAH  was  dissolved  in  DMSO  and 
used  to  modify  EGF  at  molar  ratios  of  1:1  - 1:10,  EGF  to  crosslinker. 
Following  size-exclusion  chromatography  to  remove  unreacted  crosslinker 
and  small  molecular  weight  reaction  products,  the  modified  rhEGF  was 
mixed  with  a  10:1  or  20:1  molar  ratio  of  Gen  (LC  Laboratories,  Woburn,  MA) 
[50  mM  solution  in  dimethyl  sulfoxide  (DMSO)]  and  then  irradiated  for  10  - 
60  min  with  long-wave  UV  light  (  366  nm  Model  UVGL-58  Mineralight;  UVP, 
Upland,  CA).  Photolytic  generation  of  a  reactive  singlet  nitrene  on  the  other 
terminus  of  EGF-SANPAH  in  the  presence  of  a  molar  excess  of  Genistein 
resulted  in  the  attachment  of  Gen  to  lysine  28,  lysine  48,  or  the  N-terminal 
residue  of  EGF.  Excess  Gen  in  the  reaction  mixture  was  removed  by 
passage  through  a  G25-Sephadex  prepacked  column. 

The  EGF-  Gen  conjugate  was  subsequently  filter-sterilized  and  the  protein 
concentration  determined  using  the  Bicinchoninic  Acid(BCA)  Protein  Assay 
kit  obtained  from  Sigma  Chemical  Company.  Bicinchoninic  acid  is  a 
chromogenic  reagent,  highly  specific  for  Cu(l),  which  forms  a  purple 
complex  with  an  absorbance  at  562  nm  that  is  directly  proportional  to  the 
protein  concentration. 

In  addition  to  Sulfo-SANPAH,  we  also  used  the  following  crosslinking 
agents  obtained  from  Pierce  Chemical  Company:  N-5-azido-2- 
nitrobenzoyloxysuccinimide(ANB-NOS),  Sulfosuccinimidyl  2-[m-azido-o- 
nitrobenzamido]ethyl-1 ,3’-dithiopropionate(SAND),  and 
Sulfosuccinimidyl(perfluoroazidobenzamido)ethyl-1,3- 
dithiopropionate(SFAD).  These  crosslinkers  are  of  different  chain  lengths, 
ANB-NOS  being  the  shortest  at  7.7  A,  and  all  have  a  phenyl  azide  at  one  end 
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to  react  with  Genistein  following  photolysis.  The  other  end  of  the  crosslinker 
contains  an  N-hyrodroxysuccinimide  ester  to  react  with  protein  amino 
groups.  SAND  and  SFAD  are  cleavable  by  thiols. 

To  avoid  exposing  EGF  to  the  possible  harmful  effects  of  UV  light,  we  have 
also  photolyzed  the  crosslinker-Genistein  mixture  prior  to  the  addition  of 
EGF.  We  dissolved  both  the  crosslinker  and  Genistein  in  DMSO  and  mixed 
them  together  using  a  20:1,  10:1,  5:1,  or  2.5:1  molar  ratio  of  Genistein  to 
crosslinker.  Photolysis  was  performed  at  room  temperature  for  periods  of 
time  from  15  minutes  to  48  hr  using  either  a  Model  UVM-57(302  nm  mid¬ 
range  wavelength)  or  Model  UVGL-58(366  nm  longwave)  UV  lamp  from 
UVP(Upland,  CA).  Following  photolysis,  the  mixture  was  added  to  a 
solution  of  EGF(in  PBS)  at  molar  ratios  of  2:1  to  10:1,  crosslinker: EGF  in  a 
maximum  final  DMSO  concentration  of  10%. 

In  an  effort  to  generate  more  potent  EGF  conjugates,  we  have  also 
attempted  to  link  other  compounds  which  have  themselves  been  shown  to 
possess  cytotoxic  activity  in  in  vitro  systems.  These  compounds  include  two 
Genistein  analogues,  DDE24  and  DDE41,  which  have  been  modified  to 
contain  an  N-hydroxysuccinimide  ester  for  direct  conjugation  to  EGF  in  the 
absence  of  photolysis.  We  have  also  employed  the  above  photolysis 
procedures  to  form  EGF  conjugates  of  the  novel  quinazoline  derivatives, 
WHI-P97  and  WHI-P154,  as  well  as  of  DDE24  and  DDE41. 


HPLC  Analysis.  Reverse  phase  HPLC  using  a  Hewlett-Packard  (HP)  1100 
series  HPLC  instrument  was  used  to  monitor  and  characterize  the  EGF- 
Gen  conjugations.  Analytical  HPLC  was  performed  using  a  LiChrospher 
100(RP-18,  5  urn)  reverse  phase  column  (250x4  mm,  Hewlett-Packard). 
HPLC  chromatograms  were  run  at  wavelengths  of  220  nm,  280  nm,  308 
nm,  or  480  nm  using  the  multiple  wavelength  detector  option  supplied  with 
the  instrument.  UV  spectra  were  generated  for  the  individual  peaks  of 
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interest  in  the  chromatogram.  Five  - 100  uL  samples  were  applied  to  the 
above  column  and  analysis  was  achieved  using  a  gradient  flow  as  follows: 
t  =  0,  20%  D;  t  =  5,  30%  D;  t  =  9,  38%  D;  t  -  20, 43.5%  D;  t  =  35, 100%  D;  t  - 
50, 100%  D;  t  =  55,  20%  D.  Eluent  A  consisted  of  a  mixture  of  0.1% 
trlfluoroacetic  acid(TFA)  in  water  and  eluent  D  contained  80%  acetonitrile 
(CH3CN),  20%  H2O,  and  0.1%  TFA. 

Size-exclusion  chromatography  was  carried  out  using  a  Beckman  System 
Gold  Instrument  equipped  with  either  a  preparative  TSKG3000SW  column 
equilibrated  in  100  mM  sodium  phosphate  buffer,  pH  6.8  at  a  flow  rate  of  3 
mUminute  or  an  analytical  TSKG3000PW  column  run  in  the  same  buffer  at 
a  flow  rate  of  0.2  mUmin 

Mass  Spectrometry.  Mass  spectrometric  analysis  was  routinely  performed 
to  determine  the  relative  molecular  weights  of  the  modified  EGF  and  EGF- 
Genistein  conjugates  using  a  Hewlett-Packard  Model  G2025A  matrix- 
assisted  laser  desorption/ionization  mass  spectrometer  with  linear  time-of- 
flight  mode  (MALDI-TOF).  In  conjunction  with  the  Hewlett-Packard 
Instrument  were  a  sample  preparation  assembly  model  G2024A  including 
a  high  vacuum  pump  and  a  Dos-Chem  station  controller  model  G1030A. 
Before  starting  the  experiment,  the  instrument  was  calibrated  with  protein 
standards  G2025A  supplied  by  Hewlett-Packard:  mass  calibration  was 
used  by  peak  centroiding  at  the  80%  level.  Sinnapinic  acid(Hewlett- 
Packard)  was  used  as  a  matrix  source.  Samples  were  prepared  by  spotting 
1  uL  of  a  mixture  of  protein,  in  phosphate  buffer,  with  the  matrix  solution(1:1, 
v/v)  on  the  gold  surface  of  the  probe  with  subsequent  evaporation  under 
vacuum.  Ionization  was  accomplished  with  a  laser  radiating  at  a  337-nm 
wavelength(5  ns  pulses,  laser  energy  1 .97  uJ)  in  both  single  shot  and 
multiple  shot  modes.  The  analyzer  was  used  in  the  linear  mode  at  an 
accelerating  voltage  of  28  kV.  The  obtained  spectra  represent  the  sum  of 
consecutive  laser  shots  and  have  not  been  smoothed. 
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SDS-PAGE  Analysis.  SDS-PAGE  was  used  to  monitor  the  preparation  and 
purification  of  the  EGF-Genistein  conjugates.  10  -  20%  tris  tricine  gradient 
gels  (BioRad  Laboratories)  were  stained  with  GelCode  Blue  to  visualize  the 
protein  bands. 

Breast  Cancer  Cells.  MDA-MB-231  (ATCC  HTB-26)  is  an  EGF-R  positive 
breast  cancer  cell  line  initiated  from  anaplastic  carcinoma  cells  of  a  51  year 
old  patient.  BT-20  (ATCC  HTB-19)  is  another  EGF-R  positive  breast  cancer 
cell  line  isolated  from  the  primary  breast  tumor  of  a  74  year  old  patient  with 
grade  II  mammary  adenocarcinoma.  SK-BR-3(ATCC  HTB-30)  is  an 
adenocarcinoma  of  the  mammary  gland  which  was  isolated  from  the 
pleural  effusion  of  a  43  year  old  female;  SQ-20B  is  a  squamous  cell 
carcinoma  of  the  head  and  neck. 

MDA-MB-231  cells  are  cultured  in  Leibovitz’s  L-15  medium  plus  glutamine; 
BT-20  breast  cancer  cells  are  maintained  in  MEM  medium  containing  0.1 
mM  NEAA  and  Earle’s  BSS;  SK-BR-3  cells  are  cultured  in  McCoy’s  medium 
and  SQ-20B  in  DMEM.  All  media  are  further  supplemented  with  10  %  fetal 
bovine  serum(DMEM  contains  20%  FBS,  not  heat-inactivated).  For 
subculturing,  medium  is  removed  from  the  flasks  containing  a  confluent 
layer  of  cells  and  fresh  0.25%  trypsin  added  for  1-2  min.  Trypsin  is 
removed  and  cultures  incubated  for  5-1 0  min  at  37^0  until  the  cells 
detached.  Fresh  medium  is  then  added  and  the  cells  aspirated  and 
dispensed  into  new  flasks. 

Cytotoxic  Activity  of  EGF-Genistein  and  Related  EGFConjugates.  The 
specific  cytotoxic  activity  of  the  EGF-Genistein  conjugates  is  determined 
initially  using  the  MTT  (3-[4,5-dimethylthiazol-2-yl]-2, 5-diphenyl  tetrazolium 
bromide)  assay  (Boehringer  Mannheim  Corp.,  Indianapolis,  IN).  Briefly, 
exponentially  growing  breast  cancer  cells  are  seeded  into  a  96-well  plate 
at  a  density  of  2.0x  lO'*  cells/well  and  incubated  for  1 8  -  24  hr  at  37°C  prior 
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to  drug  exposure.  On  the  day  of  treatment,  culture  medium  is  carefully 
aspirated  from  the  wells  and  replaced  with  fresh  medium  containing  the 
EGF-Genistein  conjugates  or  unconjugated  EGF.  Triplicate  wells  were 
used  for  each  treatment.  The  cells  were  Incubated  with  the  various 
compounds  for  48  -  72  hours  at  37°C  in  a  humidified  5%  CO2 
atmosphere(  MDA-MB-231  cells  are  Incubated  in  the  absence  of  CO2).  To 
each  well,  10  pi  of  MTT  (0.5  mg/ml  final  concentration)  was  added  and  the 
plates  incubated  at  37°C  for  4  hours  to  allow  MTT  to  form  formazan 
crystals  by  reacting  with  metabolically  active  cells  .  The  formazan  crystals 
were  solubilized  for  a  minimum  of  4  hr  at  37°C  in  a  solution  containing 
10%  SDS  in  0.01  M  HCI.  The  absorbance  of  each  well  is  measured  in  a 
microplate  reader  (Labsystems)  at  540  nm.  The  absorbance  Is  a  measure 
of  cell  viability;  the  greater  the  absorbance  the  greater  the  cell  viability. 


Colony  Assays.  After  overnight  treatment  with  EGF-Gen  or  PBS,  cells  were 
resuspended  in  clonogenic  medium  consisting  of  alpha-MEM  supplemented  with 
0.9%  methylcellulose,  30%  fetal  bovine  serum,  and  50  pM  2-mercaptoethanol. 
Cells  were  plated  in  duplicate  Petri  dishes  at  100,000  cells/mL/dish  and  cultured 
in  a  humidified  5%  C02  incubator  for  7  days.  Cancer  cell  colonies  were 
enumerated  on  a  grid  using  an  inverted  phase  microscope  of  high  optical 
resolution.  Results  were  expressed  as  %  inhibition  of  clonogenic  cells  at  a 
particular  concentration  of  the  test  agent  using  the  formula:  %  Inhibition  =  (1  - 
Mean  #  of  colonies  [Test]  /  Mean  #  of  colonies  [Control])  x  100. 

Zebra  Fish  Embryo  Test  System.  Zebra  fish  embryos  were  incubated  with  EGF- 
Genistein  conjugates  and  observed  for  inhibition  of  cell  division  and  embryonic 
development.  Dechorionated  embryos,  at  the  2  -  4  cell  stage,  were  exposed  to  the 
drugs  in  24-well  plates  and  incubated  at  a  constant  temperature  of  82°  F.  Various 
concentrations  of  the  conjugates  were  added  to  the  embryonic  medium  in  a  toal 
volume  of  500  uL  and  the  embryos  observed  for  30  minutes  -  3  hr. 
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RESULTS  AND  DISCUSSION 

Our  initial  EGF-Genistein  conjugates  were  formed  using  Sulfo-SANPAH 
as  the  photolabile  crosslinker.  EGF  was  modified  using  a  10:1  molar  ratio 
of  Sulfo-SANPAH  :  EGF  followed  by  60  minutes  of  photolysis  in  the 
presence  of  longwave  UV  and  a  10  -  20-fold  molar  excess  of  Genistein. 
Size-exclusion  HPLC  revealed  the  presence  of  high-molecular  weight 
material  and  SDS  -  PAGE  showed  the  presence  of  EGF  multimers. 

We  also  noted  that  this  EGF  conjugate  precipitated  out  of  solution  during 
short-term  storage  at  4®  C  or  when  frozen  for  longer  periods  of  time  further 
reducing  the  yield  of  the  active  EGF  -  Gen  conjugate. 

Photolyzing  the  highly  SANPAH-modified  EGF  at  high  protein  concentrations 
appeared  to  be  causing  the  formation  of  EGF-EGF  multimers  and 
denaturing  the  EGF  so  we  carried  out  photolysis  on  the  Sulfo-SANPAH- 
Genistein  mixture(in  DMSO)  prior  to  the  addition  of  the  EGF.  This  “pre¬ 
photolysis”  mixture  contained  a  10:1  or  2.5:1  molar  excess  of  Genistein  to 
crosslinker  in  order  to  increase  the  opportunity  for  the  active  nitrene  to  link 
to  Genistein  rather  han  to  another  SANPAH  or  EGF  molecule.  EGF  was 
added  to  this  mixture  following  photolysis  and  unreacted  SANPAH  and 
Genistein  were  removed  using  G-25  Sephadex  column  chromatography.  A 
representative  analytical  size-exclusion  HPLC  analysis  revealed  the 
presence  of  high  molecular  weight  aggregates  eluting  from  30  -  45  minutes 
post-injection  (Figure  1 ).  Unmodified  EGF  typically  elutes  in  this  system  at 
50  -  60  minutes. 

Reverse-phase  HPLC  analysis  was  performed  on  EGF-  Genistein 
conjugates  prepared  using  a  4:1  ratio  of  the  SANPAH  crosslinker  to  EGF. 
Figure  2A  shows  the  HPLC  pattern  for  the  SANPAH-modified  EGF  itself  (in 
the  absence  of  Genistein),  Figure  2B  shows  the  pattern  for  the  EGF-Gen 
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conjugate  formed  when  the  SANPAH-modified  EGF  is  photolyzed  in  the 
presence  of  a  10:1  molar  ratio  of  Genistein,  and  Figure  2C  shows  the 
pattern  for  an  EGF-Gen  conjugate  formed  by  photolyzing  the  SANPAH  and 
Genistein  prior  to  adding  the  EGF. 

In  this  series  of  experiments,  EGF  had  a  retention  time  between  13  and  17 
minutes  and  is  detected  at  wavelengths  of  220  and  280  nm.  Since  there  is 
no  detectable  absorbance  at  480  nm  (characteristic  of  the  SANPAH 
crosslinker),  this  peak  represents  unmodified  EGF.  The  UV  spectrum 
shows  a  peak  at  280  nm  which  is  characteristic  of  aromatic  amino  acid 
residues  in  proteins.  All  of  the  HPLC  traces  show  a  number  of  peaks  which 
are  detectable  at  220,  280,  and  480  nm.  The  UV  spectra  of  these  peaks 
reveal  the  absorbance  peak  at  280  nm  (characteristic  of  EGF)  as  well  as  an 
absorbance  at  480  nm  indicating  the  presence  of  the  SANPAH  moiety. 

This  reverse-phase  system  was  also  used  to  verify  the  presence  of 
unreacted  EGF  in  fraction  III  from  the  size-exclusion  HPLC  separation 
shown  as  Figure  1.  Figure  2D  shows  that  HPLC  fraction  III  has  a  retention 
time  of  12.196  minutes  and  a  UV  spectrum  characteristic  of  unmodified 
EGF. 

When  Genistein  has  been  added  to  the  conjugation  mixture  (Figures  2B 
and  2C),  the  presence  of  unreacted  Genistein,  with  a  retention  time  of  15  - 
18  minutes,  can  be  detected  at  wavelengths  of  220  and  280  nm  in  this 
reverse-phase  system.  The  UV  spectrum  is  characteristic  with  a  shoulder  at 
330  nm;  UV  spectra  of  potential  EGF-Genisten  conjugates,  eluting  at  36  - 
38  minutes,  possess  this  shoulder  along  with  an  absorbance  at  480  nm. 

An  EGF-Genistein  conjugate  was  made  using  a  prephotolyzed  mixture  of 
SANPAH  and  Genistein  with  Genistein  in  a  10:1  molar  excess.  Photolysis 
was  carried  out  for  48  hr  under  longwave  UV  and  the  mix  added  to  EGF  at  a 
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2:1  molar  ratio  of  crosslinker  to  EGF.  This  conjugate  was  put  throught  the 
preparative  size-exclusion  HPLC  and  fractions  collected  for  the  MTT  assay. 
In  this  experiment,  the  so-called  “heavy  material”  in  fractions  I  and  III  (Figure 
3A)  showed  significant  inhibition  of  BT-20  cells  in  the  MTT  assay,  whereas 
fraction  IV(unreacted  EGF)  and  the  unpurified  mixture  showed  no  inhibition 
(Figure  3B).  It  is  possible  that  unmodified  EGF  possesses  a  greater  affinity 
for  the  EGF  receptor  and  could  successfully  block  the  binding  of  the  EGF- 
Gen  conjugate. 

We  also  made  EGF-  24  and  EGF  -  41  conjugates  by  prephotolyzing  mixtures 
containing  an  excess  of  DDE24  or  DDE41  to  SANPAH.  Lower  ratios  were 
used  because  these  compounds  are  very  insoluble  in  aqueous  solutions. 
EGF  was  added  after  the  photolysis  but  these  conjugates  were  not 
significantly  more  effective  at  Inhibiting  breast  cancer  cells  than  the 
conjugates  prepared  by  directly  linking  DDE24  or  DDE41  in  the  absence  of 
photolysis. 

We  then  substituted  shorter  chain-length  and  less  hydrophobic 
crosslinkers  for  SANPAH  in  order  to  reduce  aggregation  due  to 
protein-protein  hydrophobic  interactions.  The  short-chain  crosslinker, 
ANB-NOS,  results  in  less  precipitation/aggregation  than  was  seen  using 
Sulfo-SANPAH.  Since  Genistein  is  relatively  insoluble  in  aqueous 
solutions,  we  carried  out  the  pre-photolysis  using  a  5:1  or  10:1  molar 
ratio  of  Genistein  to  crosslinker  and  a  5:1  or  10:1  ratio  of  crosslinkerEGF. 
EGF-Gen  conjugates  were  prepared  by  photolyzing  ANB-NOS-modified 
EGF  for  one  hr  under  longwave  UV  in  the  presence  of  excess  Genistein  or 
by  prephotolyzing  the  ANB-NOS-Genistein  mixture  for  3.25  or  6.25  hr  under 
longwave  UV  before  adding  EGF.  The  final  DMSO  concentration  was 
maintained  at  1 0%.  These  conjugates  were  subsequently  tested  at 
concentrations  of  25  and  50  ug/mL  for  their  effects  on  zebra  fish  embryo 
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cell  division  and  development.  EGF  was  included  in  these  experiments  as 
a  control. 

Only  the  EGF-Gen  conjugates  made  by  prephotolyzing  the  ANB- 
NOS/Genistein  mixture  for  6.25  hr  showed  an  effect  on  embryogenesis.  A 
10:1  ratio  of  the  ANB-NOS  crosslinker  to  EGF  was  used;  the  conjugate 
containing  a  5:1  ratio  of  Genistein  to  ANB-NOS  in  the  prephotolysis  mix 
caused  lysis  of  the  embryos  after  one  hr  incubation  at  both  concentrations. 
The  conjugate  prepared  with  a  10:1  ratio  of  Genistein  in  the  prephotolysis 
mix  also  caused  lysis  of  the  embryos  within  one  hr  of  incubation  at  the 
high  concentration  but  required  up  to  two  hr  to  see  the  same  affect  at  the 
low  concentration.  The  EGF  control  showed  normal  embryo  development. 
Figure  4  shows  representative  results  of  this  assay. 


We  then  obtained  the  SQ-20B  and  SK-BR-3  cell  lines  and  used  them  to 
test  a  variety  of  EGF  conjugates,  including  EGF-  Gen  prepared  using  the 
SFAD  crosslinker.  SFAD-modified  EGF  was  photolyzed  in  the  presence  of 
excess  Genistein  and  SFAD/Genistein  mixtures  were  prephotolyzed  for 
various  periods  of  time  using  a  mid-range  UV  lamp.  We  also  linked 
Genistein  and  P97  (a  rationally  designed  small  molecule  EGFR  inhibitor 
developed  at  the  Hughes  Institute)  to  EGF  using  longwave  UV  and 
photolysis  in  the  presence  of  SANPAH-modified  EGF.  Additional  EGF 
conjugates  were  prepared  from  DDE24  and  DDE41 ,  either  by  direct 
linkage  or  using  ANB-NOS  as  the  crosslinker.  Figures  5A  -  5D  show 
results  of  MTT  assays  using  these  EGF  conjugates  against  these  new  cell 
lines.  All  of  the  conjugates,  as  well  as  the  EGF  control,  exhibit  some 
degree  of  inibition  of  these  cells  lines  indicating  that  breast  cancer  cell 
lines  vary  in  their  susceptibility  to  the  EGF  conjugates. 
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SECTION  II.  ANIMAL  STUDIES 


MATERIALS  AND  METHODS 

The  detailed  procedures  for  murine  and  primate  toxicity  studies  were  detailed 
in  the  original  grant  application  and  also  reported  in  the  previously  submitted 
manuscripts  regarding  the  animal  toxicity  of  the  first  generation  EGF 
conjugates. 

RESULTS  AND  DISCUSSION 


I.  Toxicity  Studies  in  Monkeys.  In  our  last  report,  we  mentioned  that  we 
examined  the  toxicity  of  EGF-ANB-NOS-Genistein  and  EGF-ANB-NOS-DDE41 
(EGF-41)  in  cynomolgus  monkeys.  Both  agents  were  well  tolerated  by 
monkeys.  A  detailed  report  of  the  clinical  findings  and  raw  data  was  enclosed 
as  Appendix  2  in  the  last  report.  The  monkeys  have  been  sacrificed  and  a 
detailed  histopathology  report  is  included  in  the  present  report  as  Appendix  2. 
No  evidence  of  test  article-related  lesions  was  found  in  monkey  68-K  treated 
with  a  1  mg  i.v.  bolus  of  EGF-41:  68-I  treated  with  a  5  mg  i.v.  bolus  of  EGF-41; 
68-N  treated  with  a  1  mg  i.v.  bolus  of  EGF-ANB-NOS-Genistein;  or  68-J  treated 
with  a  5  mg  i.v.  bolus  of  EGF-ANB-NOS-Genistein. 

il.  Toxicity  Studies  in  SCID  Mice.  We  examined  In  a  small  pilot  study  the  toxicity 
of  combined  chemo-biotherapy  regimens  employing  EGF-Genistein  plus 
cytoxan,  taxol,  methotrexate,  or  adriamycin  in  healthy  SCID  mice.  Taxol  +  EGF- 
Genistein,  Cytoxan  +  EGF-Genistein  as  well  as  Methotrexate  +  EGF-Genistein 
combinations  were  well  tolerated.  The  experimental  data  are  included  in 
Appendix  3.  More  extensive  toxicity  studies  will  be  performed  during  the  next 
grant  period. 
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III.  Efficacy  Studies  In  SCID  Mice.  We  examined  the  biologic  activity  of  various 
chemo-biotherapy  regimens  in  SCID  mice  xenografted  with  MDA-MB-231 
human  breast  cancer  cells.  These  regimens  utilized  EGF-Genistein  at  a  high 
dose  level  (100  pg/mouse  =  5  mg/kg)  and  a  4-day  treatment  schedule 
(appendix  4).  While  the  combination  therapies  showed  significant  anti-cancer 
activity,  no  additional  benefit  was  achieved  by  the  combination  with  EGF- 
Genistein. 


During  the  next  grant  period,  we  will  continue  our  stepwise  preclinical 
development  of  EGF-Genistein  conjugates  as  a  potential  new  class  of  anti¬ 
breast  cancer  drugs.  The  studies  will  focus  both  on  the  conjugation  chemistry 
of  novel  EGFR  tyrosine  kinase  inhibitors  as  well  as  the  evaluation  of  their 
toxicity,  pharmacokinetics,  and  efficacy  in  established  preclinical  animal 
models  as  in  the  previous  years. 
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Appendix  I 


17 


Figure  Legends 


Figure  1-  Figure  1  shows  an  example  of  a  size-exclusion  HPLC  profile  of  an 
EGF-Genistein  conjugate  prepared  using  a  4:1  ratio  of  crosslinker  to  EGF  and 
a  prephotolyzed  mixture  containing  a  10:1  molar  excess  of  Genistein  to 
SANPAH.  The  Beckman  System  Gold  HPLC  was  equipped  with  a 
TSKG3000PW  analytical  column  equilibrated  in  100  mM  sodium  phosphate 
buffer,  pH  6.8,  at  a  flow  rate  of  0.2  mL/minute.  Fractions  are  labeled  I,  II,  and  III. 

Figure  2A  -  Figure  2A  shows  a  reverse-phase  HPLC  pattern  of  EGF-SANPAH 
made  using  a  4:1  molar  ratio  of  SANPAH  to  EGF.  UV  spectra  are  included  for 
the  major  peaks;  unmodified  EGF  elutes  at  16.864  minutes  in  this  run.  The 
spectrum  of  the  peak  eluting  at  30.026  is  characteristic  of  the  SANPAH 
crosslinker. 

Figure  2B  -  Figure  2B  shows  a  reverse-phase  HPLC  pattern  of  EGF-Genistein 
made  by  photolyzing  the  EGF-SANPAH  in  the  presence  of  a  10-fold  molar 
excess  of  Genistein.  In  addition  to  the  unmodified  EGF(retention  time  of  16.858 
min),  a  peak  of  unreacted  Genistein  is  also  present  at  18.042  min.  UV  spectra 
are  included  for  representative  peaks;  the  peak  eluting  at  37.474  min.  appears 
to  have  characteristics  of  EGF,  SANPAH,  and  Genistein. 

Figure  2C  -  Figure  2C  shows  a  reverse-phase  HPLC  pattern  of  EGF-Genistein 
made  by  prephotolyzing  the  SANPAH/Genistein  mixture  prior  to  adding  the  EGF. 
The  pattern  shows  peaks  characteristic  of  unmodified  EGF  and  Genistein,  as 
well  as  of  a  possible  EGF-Genistein  conjugate. 

Figure  2D  -  Figure  2D  is  a  reverse-phase  HPLC  trace  effraction  III  shown  in 
Figure  1  .  The  peak  with  a  retention  time  of  12.196  min.  and  a  UV  spectrum 
characteristic  of  unmodified  EGF  verifies  that  the  size-exclusion 
chromatography  is  able  to  remove  a  significant  amount  of  the  free  EGF 
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remaining  in  the  conjugation  mixture. 


Figure  3A  shows  a  preparative  size-exclusion  purification  of  an  EGF-Genistein 
conjugate  prepared  using  the  prephotolyzed  SANPAH/Genistein  mixture. 
Fractions  were  isolated  and  tested  against  the  BT-20  breast  cancer  cell  line 
using  the  MTT  assay(Flgure  3B ).  In  the  MTT  assay,  the  greater  the  response(y- 
axis),  the  greater  the  cell  viability. 

Figure  4A  shows  a  zebra  fish  embryo 
treated  with  50  ug/mL  of  EGF-Gen 
prepared  using  a  6.25  hr  prephotolysis 
mixture  containing  a  5:1  ratio  of  Genistein 
to  ANB-NOS.  Cell  lysis  is  evident  after 
one  hr  of  incubation. 

Figure  4B  shows  zebra  fish  embryos 
treated  with  25  ug/mL  of  EGF-Gen 
prepared  using  a  6.25  hr  prephotolysis 
mixture  containing  a  10:1  ratio  of 
Genistein  to  ANB-NOS.  Cell  lysis  is 
present  here  as  well. 

Figure  4C  Zebra  fish  embryo  showing 
normal  development. 

EGF-Genistein  conjugates  prepared  using  the  ANB-NOS  crosslinker  at  a  1:10 
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Figures  5A  -  5D  -  MTT  assays  using  SQ-20B  and  SK-BR-3  cell  lines.  EGF 
alone  was  tested  as  well  as  various  EGF-Gen  conjugates  (Fig.  5A  - 
EGF-SANPAH-Genistein,  Fig.  5B  -  EGF-SFAD-Genistein),  EGF-SANPAI+P97 
(Fig.SA),  and  EGF-24  conjugates  (Fig.  5C  and  5D).  The  EGF/24  conjugate  was 
formed  by  direct  linkage  of  DDE24  to  EGF  (i.e.  no  crosslinker  was  used). 
EGF/ANBNOS-24  was  made  by  prephotolyzing  DDE24  and  the  ANBNOS 
crosslinker.  NPP  in  the  figures  means  not  prephotolyzed;  EGF  was  modified 
and  subsequently  photolyzed  for  one  hr  in  the  presence  of  Genistein  or  P97. 
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Figure  1-  Figure  1  shows  an  example  of  a  size-exclusion  HPLC  profile  of  an 
EGF-Genistein  conjugate  prepared  using  a  4:1  ratio  of  crosslinker  to  EGF  and 
a  prephotolyzed  mixture  containing  a  10:1  molar  excess  of  Genistein  to  == 
SANPAH.  The  Beckman  System  Gold  HPLC  was  equipped  with  a 
TSKG3000PW  analytical  column  equilibrated  in  100  mM  sodium  phosphate 
buffer,  pH  6.8.  at  a  flow  rate  of  0.2  mL/minute.  Fractions  are  labeled  1. 11,  and  ill 


Absorbance 
1 • 0000 


1.5000 


2.66;  32.7 
3.63;  33.7 
4.661  34.7 
5.61:  35.6 
6.76 


37.48;  38.12 


Absorbance 


San^le  Name :  EGF/SAN,  # 


EGF/SAN  (1:4),  after  PD-10  &  NAP- 10  purification.  Reac 
tion  4,  5/11/99.  • 

A;  H20,  0.1%  TFA.  D;  80%  ACN,  20%  H20,  0.1%  TFA. 
Gradient  elution:  t=0,  20%  D;  t=5,  30%  D;  t=9,  38%  D; 
t=20,  43.5  %  D;  t=35,  100%  D;  t=50,  100%  D,  t=55,  20%  D 
;  t=56,  stop.  Flow=l .  0  tnL/min. 


Injection  Date  :  5/14/99  6:53:11  PM 
Sample  Name  :  EGF/SAN,  #4 

Acq.  Operator  :  L.  Kuehn 


Seq.  Line  :  2 

Vial  :  3 

Inj  :  1 

Inj  Volume  :  50  fil 


Method  :  C : \HPCHEM\ l\METHODS\LISAEGF2 . M 

Last  changed  :  5/14/99  4:15:43  PM  by  L.  Kuehn 


Figure  2A  -  Figure  2A  shows  a  reverse-phase  HPLC  pattern  of  EGF-SANPAH 
made  using  a  4:1  molar  ratio  of  SANPAH  to  EGF.  UV  spectra  are  included  for 
the  major  peaks;  unmodified  EGF  elutes  at  16.864  minutes  in  this  run.  The 
spectrum  of  the  peak  eluting  at  30.026  is  characteristic  of  the  SANPAH 
crosslinker. 
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int  of  window  39:  uv  Apex  spectrum  of  Peak  16.864  of  EGFSOOl.D 
UV  Apex  spectrum  of  Peak  16.864  of  EGFSOOl.D _ 


int  of  window  39:  UV  Apex  spectrum  of  Peak  26.883  of  EGFSOOl.D 


spectrum  of  Peak  26.883  of  EGFSOOl.D 


UV  Apex 


int  of  window  39:  UV  Apex  spectrum  of  Peak  27.946  of  EGFSOOl.D 
UV  Apex  spectrum  of  Peak  27.946  of  EGFSOOl.D _ 


rint  of  window  39:  UV  Apex  spectrum  of  Peak  30.026  of  EGFSOOl.D 


»rint  of  window  39:  UV  Apex  spectrum  of  Peak  32.54'8  of  EGFSOOl.D 
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Sample  Name  ; 'EGF/SAiW/G^ 

EGF/SAN^Gen  (1:4)  (1:10),  not  pp.  Reaction  4,  5/12/99.  \WUv.w.V 
A;  H20,  b.1%  TFA.  D:  80%  ACN,  20%  H20,  0.1%  TFA.  ~- 

Gradient  elution;  t=0,  20%  D;  t=5,  30%  D;  t=9,  38%  D; 
t»20,  43.5  %  D;  t=35,  100%  D;  t=50,  100%  D,  t=55,  20%  D 
;  t=56,  stop.  Flow=1.0  mL/min. 


Injection  Date 
Sanple  Name 
Acq.  Operator 

Method 
Last  changed 
EGF  samples  with 
- TODTArSipZBDIS 

mAU 


5/14/99  8:00:34  PM 
EGF/SAN/Gen,  #4 
L .  Kuehn 

:  C ; \HPCHEM\1\METH0DS\LISAEGF2 . M 
:  5/14/99  4:15:43  PM  by  L.  Kuehn 

Lichrospher  100  column. 

Ket=(gK).1U  (LISAK\hGHSGOOa337 


Seq.  Line 
Vial 
Inj 

Inj  Volume 


3 

4 
1 

50  fil 


S  §4 


Figure  2B  -  Figure  2B  shows  a  reverse-phase  HPLC  pattern  of  EGF-Genistein 
made  by  photolyzing  the  EGF-SANPAH  in  the  presence  of  a  10-fold  molar 
excess  of  Genistein.  In  addition  to  the  unmodified  EGF(retention  time  of  16.858 
min),  a  peak  of  unreacted  Genistein  is  also  present  at  18.042  min.  UV  spectra 
are  included  for  representative  peaks;  the  peak  eluting  at  37.474  min.  appears 
to  have  characteristics  of  EGF,  SANPAH,  and  Genistein. 


int’  of  window  39:  UV  Apex  spectrum  of  Peak  18.042  of  EGFSG003.D 


UV  Apex  spectrum  of  Peak  18.042  of  EGFSG003.D 


cint  of  window  39:  UV  Apex  spectrum  of  Peak  26.872  of  EGFSGG03.D 
UV  Apex  spectrum  of  Peak  26.872  of  EGFSG003.D 
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rr  /  r\  f  r\n  cr  .  r\r\ 


A  r\ 


T#*.  .  -  1 - 


rint  of  window  39:  UV  Apex  spectrum  of  Peak  30.045  of  EGFSG003.D 


rr  /  ^  r\  /  riO  c  n  .  a  ^ 


rMi  M  T  J  — 


rj^.  .  — 


Name: 

EGF/SAN-Gen  1:4,  1:10.  16.5  hr  LWUV.  5  mg/itiL  origina 

5/19/99.  Parent  cotrpound 

A:  H20,  0.1%TFA,  0.1%TEA.  D:  80%  ACN,  20%  H20,  0.1% 

TFA. 

Gradient  elution:  t=0,  20%  D;  t=5,  30%  D;  t=9,  38%  D; 
t=20,  43.5%  D;  t=35,  100%  D;  t=50,  100%  D;  t=55,  20-6  D; 
t=56,  stop.  Flow  =  1  tnL/rain. 


Injection  Date 
Sample  Name 
Acq .  Operator 

Acq .  Method 
Last  changed 
Analysis  Method 
Last  changed 


5/20/99  6:30:54  AM  Seq.  Line 

EGF/SAN-Gen  p  Vial 

Lisa  Kuehn 

Inj  Volume 

C : \HPCHEM\1\METH0DS\LISAEGF .M 
5A9/99  4:21:34  PM  by  Lisa  Kuehn 
C : \HPCHEM\1\METH0DS\LISAGEN3 . M 
5/11/99  2:46:56  PM  by  L.  Kuehn 
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13 


1 

50  fil 


Figure  2C  -  Figure  2C  shows  a  reverse-phase  HPLC  pattern  of  EGF-Genistein 
made  by  prephotolyzing  the  SANPAH/Genistein  mixture  prior  to  adding  the  EGF 
The  pattern  shows  peaks  characteristic  of  unmodified  EGF  and  Genistein,  as 
well  as  of  a  possible  EGF-Genistein  conjugate. 


rint  of  window  39:  UV  Apex  spectrum  of  Peak  13.797  of  EGFSG007.D 
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rint  of  window  39:  UV  Apex  spectrum  of  Peak  15.762  of  EGFSG007.D 


rint  of  window  39:  UV  Apex  spectrum  of  Peak  17.713  of  EGFSG007.D 


int  of  window  .39:  UV  Apex  spectrum  of  Peak  22.442  of  EGFSG007.D 
UV  Apex  spectrum  of  Peak  22.442  of  EGFSG007.D  _ ^ 


rint  of  window  39:  UV  Apex  spectrum  of  Peak  36.814  of  EGFSG007.D 
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Sample  Name:  ‘EGF/ST^^Gen  III 

EGF/SAN-Gen  1:10.  16.5  hr  LlfUV.  & -nsr/Mi  origina 

5/18/99.  Analytical  III.  \^‘'C.'3TL 

A:  H20,  0.1%TFA,  0.1%TEA.  D:  80%  ACN,  20%  H20,  0.1% 

TFA. 

Gradient  elution:  t=0,  20%  D;  t=5,  30%  D;  t=9,  38%  D; 
t=20,  43.5%  D;  t=35,  100%  D;  t=50,  100%  D;  t=55,  20%  D; 
t=56,  stop.  Flow  =  1  mL/min. 


Injection  Date  :  5/19/99  8:49:38  AM  Seq.  Line  :  13 

Sample  Name  :  EGF/SAN-Gen  III  Vial  :  33 

Acq.  Operator  :  Lisa  Kuehn  Inj  :  1 

Inj  Volume  :  50  /il 

Acq.  Method  :  C:\HPCHEM\l\METHODS\LISAEGF.M 

Last  changed  :  5/12/99  9:27:49  AM  by  Lisa  Kuehn 
Analysis  Method  :  C:\HPCHEM\l\METHODS\LISAGEN3.M 
Last  changed  :  5/11/99  2:46:56  PM  by  L.  Kuehn 


Figure  2D  -  Figure  2D  is  a  reverse-phase  HPLC  trace  effraction  III  shown  in 
Figure  1 .  The  peak  with  a  retention  time  of  12.196  min.  and  a  UV  spectrum 
characteristic  of  unmodified  EGF  verifies  that  the  size-exclusion 
chromatography  Is  able  to  remove  a  significant  amount  of  the  free  EGF 
remaining  in  the  conjugation  mixture. 


r53.188 


Tint  of  window  39;  UV  Apex  spectrum  of  Peak. 12.196  of  EGFSG006.D 
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Figure  3A  shows  a  preparative  size-exclusion  purification  of  an  EGF-Genistein 
conjugate  prepared  using  the  prephotolyzed  SANPAH/Genistein  mixture.  ^ 
Fractions  were  isolated  and  tested  against  the  BT-20  breast  cancer  cell  line 
using  the  MTT  assay(Figure  3B ).  In  the  MTT  assay,  the  greater  the  response(y- 
axis),  the  greater  the  cell  viability. 


J 


Absor&ance 


42 


Point:  to  Point 


Figure  3B  -  MTT  Assay  of  EGFMSeni stein  HPLC  Fractions  Inaiiated  with  BT-20  Cells 


igure  4A  shows  a  zebra  fish  embryo 
eated  with  50  ug/mL  of  EGF-Gen 
trepared  using  a  6.25  hr  prephotolysis 
nbdure  containing  a  5:1  ratio  of  Genistein 
D  ANB-NOS.  Cell  lysis  is  evident  after 
►ne  hr  of  incubation. 


=lgure  4B  shows  zebra  fish  embryos 
treated  with  25  ug/mL  of  EGF-Gen 
prepared  using  a  6.25  hr  prephotolysis 
mixture  containing  a  10:1  ratio  of 
Genistein  to  ANB-NOS.  Cell  lysis  is 
present  here  as  well. 


Figure  4C  Zebra  fish  embryo  showing 
normal  development. 


oint  to  Point 
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Monkey  68-K 
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Animal  Identification  and  Necropsy  Number. 


68-K 


GROSS  OBSERVATIONS: 


Integumentary: 

Cardiovascular 

Respiratory: 

Alimentary: 

Urinary: 

Genital: 

Hemolymphopoietic: 

Endocrine: 

Musculoskeletal: 

Nervous  and  special  senses 


No  gross  lesions  (NGL) 

There  are  hemorrhages  in  the  subcutis  adjacent  to 
venipuncture  sites. 


NGL 

NGL 

NGL 

NGL 

NGL 

NGL 

There  are  injection  sites  in  the  skeletal  muscle  of 
the  thighs. 

NGL 


HISTOPATH  OBSERVATIONS:  Pending 


51 


Animal  IdentiHcation: 
Species: 


68-K 

M.  fasciculata 


Tissues  submitted  for  Histopathology; 


1.  adrenal  glands 

2.  aorta 

3.  bone  (decalcified) 

4.  bone  marrow 

5 .  brain-cerebeUvim  &  medulla 

6 .  brain  -  forebrain 

7.  brain  -  midbrain  region 

8.  eye 

9.  eyelid 

10.  heart  (LV,RV,1VS) 

11.  kidney 

12.  large  intestine 

13.  liver 

14.  hirg 

15.  lymph  nodes 

16.  ovary 


17.  pancreas 

18.  peripheral  nerve  (sciatic  nerve  and  brachial  plexus) 

19.  pituitary  gland 

20.  salivary  glands 

21.  skeletal  musde 

22.  skin 

23.  small  intestine 

24.  spinal  cord<ervical/  thoracic  lumbar,  cauda  equinae 

25.  spleen 

26.  stomach 

27.  thyroid  glands 

28.  tongue 

29.  urinary  bladder 

30.  uterus 

31. 
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HISTOPATHOLOGY  REPORT 


DATE  OF  REPORT  9/17/99 

DATE  OF  NECROPSY  9/30/98 

NECROPSY  NUMBER  68-K 

INVESTIGATOR  Gunther 

DEPARTMENT  RAR 

SPECIES  M.  fasdculata 

BREED/STRAIN 
ANIMAL  ID  68-K 


HISTORY:  Test-article  toxicity  study 


KEYWORDS:  Genistein,  epidermal  growth  factor 


FINAL  DIAGNOSES: . No  evidence  of  test  article-related  deleterious  effects 


CAUSE  OF  DEATH:  Euthanasia 


COMMENTS:  There  are  no  significant  lesions. 


Pathologist: 


age  adult 

SEX  f 

SUPPLIER 

PATHOLOGIST  R.  Gunther 

PM  INTERVAL  >30  min 

LAB  NUMBER 
LAB  TESTS 

NO.  of  ANIMALS  1 
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Animal  Identification  and  Necropsy  Numben 


68-K 


HISTOPATH  OBSERVATIONS:: 


Integumentary: 

Cardiovascular; 

Respiratory: 

Alimentary: 

Urinary: 

Genital: 

Hemolymphopoietic: 

Endocrine: 

Musculoskeletal: 

Nervous  and  special  senses 


There  are  no  significant  lesions  (NSL)  in  multiple 
sections  of  skin,  lip  and  eyelid. 

NSL-  heart,  aorta 
NSL-  lung,  trachea 

NSL-  tongue,  esophagus,  stomach,  large  and  small 
intestine,  liver,  pancreas 
NSL-  kidneys,  urinary  bladder 
NSL-  ovary,  uterus 

NSL-  spleen,  bonemarrow,  lymph  nodes 

NSL-pancreas,  thyroid,  adrenal 

NSL-  skeletal  muscle,  bone 

NSL-  multiple  areas  of  brain  and  spinal  cord, 

peripheral  nerve,  eye  (lens  not  examined) 


Monkey  68-1 
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^  MIMA  T.  7<rF.rRnPSY  REPORT 
RESEARCH  ANIMAL  RESOURCES 
UNIT  OF  COMPARATIVE  MEDIQNE 
ACADEMIC  HEALTH  SQENCES 
UNIVERSITY  OF  MINNESOTA 


GROSS  REPORT 

DATE  OF  REPORT 
DATE  OF  NECROPSY 
NECROPSY  NUMBER 
INVESTIGATOR 
DEPARTMENT 
SPEaES 

BREED/STRAIN 
ANIMAL  ID 

10/1/98 

9/30/98 

68-1 

Gunther 

RAR 

M.  fasdculata 

68-1 

AGE 

SEX 

SUPPLIER 
PATHOLOGIST 
PM  INTERVAL 
LAB  NUMBER 
LAB  TESTS 

NO.  of  ANIMALS 

HISTORY:  test-article  toxicity  study 

KEYWORDS: 

genistein,  epidermal  growth  factor 

FINAL  DIAGNOSES: 

pending  histopathologic  evaluation 

CAUSE  OF  DEATH: 

Euthanasia 

COMMENTS: 

There  are  no  significant  gross  lesions. 

Pathologist: 

Roland  Gunther,  DVM-PhD,  ACVP 


adult 

f 

R.  Gunther 
>30  min 


1 
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Animal  Identification  and  Necropsy  Numben 


68-1 


GROSS  OBSERVATIONS: 


Integumentary: 

Cardiovasculan 

Respiratory; 

Alimentary: 

Urinary: 

Genital: 

Hemolymphopoietic: 

Endocrine: 

Musculoskeletal: 

Nervous  and  special  senses 


No  gross  lesions  (NGL) 

There  are  hemorrhages  in  the  subcutis  adjacent  to 
venipimcture  sites. 

NGL 

NGL 

NGL 

NGL 

NGL 

NGL 

There  are  injection  sites  in  the  skeletal  muscle  of 
the  thig^. 

NGL 
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Animal  IdentiHcation: 
Species: 


68-1 

M.  fasciculata 


Tissues  submitted  for  Histonathology: 


1.  adrenal  glands 

2.  aorta 

3.  bone  (decalcified) 

4.  bone  marrow 

5 .  brain-cerebeUum  &  medulla 

6.  brain  -  forebrain 

7.  brain  -  midbrain  region 

8.  eye 

9.  eyelid 

10.  heart  (LV,  RV,  IVS) 

11.  kidney 

12.  large  intestine 

13.  liver 

14.  hir^ 

15.  lymph  nodes 

16.  ovary 


17.  pancreas 

1 8.  peripheral  nerve  (sciatic  nerve  and  brachial  plexus) 

19.  pituitary  gland 

20.  salivary  glands 

21.  skeletal  muscle 

22.  skin 

23.  small  intestine 

24.  spinal  cord-cervical,  thoracic  lumbar,  cauda  equinae 

25.  spleen 

26.  stomach 

27.  th5rroid  glands 

28.  tongue 

29.  tirinary  bladder 

30.  uterus 

31. 
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AMTMAT.  NECROPSY  REPORT 
RESEARCH  ANIMAL  RESOURCES 
UNIT  OF  COMPARATIVE  MEDICINE 
ACADEMIC  HEALTH  SQENCES 
UNIVERSITY  OF  MINNESOTA 


HISTOPATHOLOGY  REPORT 


DATE  OF  REPORT 
DATE  OF  NECROPSY 
NECROPSY  NUMBER 
INVESTIGATOR 
DEPARTMENT 
SPECIES 
BREED/STRAIN 
ANIMAL  ID 


9/17/99 

9/30/98 

68-1 

Gunther 

RAR 

M.  fasdculata 


68-1 


AGE 

SEX 

SUPPLIER 
PATHOLOGIST 
PM  INTERVAL 
LAB  NUMBER 
LAB  TESTS 
NO.  of  ANIMALS 


adult 

f 

R.  Gunther 
>30  min 


1 


HISTORY:  test-article  toxicity  study 


KEYWORDS: 


FINAL  DIAGNOSES: 


CAUSE  OF  DEATH: 

COMMENTS: 


genistein,  epidermal  growth  factor 

No  evidence  of  test  article-related  deleterious  effects 

Euthanasia 

No  significant  lesions  are  found  in  any  tissue. 


Pathologist: 


59 


Animal  Identification  and  Necropsy  Numben 


68-1 


HISTOPATH  OBSERVATIONS: 


Integumentary: 

Cardiovascular: 

Respiratory: 

Alimentary: 


Urinary: 

Genital: 

Hemolymphopoietic: 

Endocrine: 

Musculoskeletal: 

Nervous  and  special  senses 


There  are  no  significant  lesions  (NSL)  in  multiple 
sections  of  skin,  eyelid  and  lip. 

NSL-heart,  aorta 
NSL-  lung  and  trachea 

NSL-  tongue,  esophagus,  stomach,  large  and  small 
intestine,  liver,  pancreas 
NSL- kidneys,  urinary  bladder 

NSL-  ovary,  uterus 

NSL-  spleen,  lymph  nodes,  bonemarrow 
NSL-  pancreas,  adrenal,  thyroid,  paratiiyroid 
NSL-  skeletal  muscle,  rib 
NSL-  multiple  areas  of  brain  and  spiiial  cord, 
peripheral  nerve,  eye  (lens  not  examined) 
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Monkey  68-N 
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^  MTiyrA  T.  ^7F^R OP<;y  REPORT 
RESEARCH  ANIMAL  RESOURCES 
UNIT  OF  COMPARATIVE  MEDICINE 
ACADEMIC  HEALTH  SQENCES 
UNIVERSITY  OF  MINNESOTA 


GROSS  REPORT 

DATE  OF  REPORT 
DATE  OF  NECROPSY 
NECROPSY  NUMBER 
INVESTIGATOR 
DEPARTMENT 

SPECIES 

BREED/STRAIN 
ANIMAL  ID 

10/13/98 

10/13/98 

68-N 

Gimther 

RAR 

M.  fasdculata 

68-N 

AGE 

SEX 

SUPPLIER 
PATHOLOGIST 
PM  INTERVAL 
LAB  NUMBER 
LAB  TESTS 

NO.  of  ANIMALS 

HISTORY:  test-article  toxicity  study 

KEYWORDS: 

genistein,  epidermal  growth  factor 

FINAL  DIAGNOSES: 

pending  histopathologic  evaluation 

CAUSE  OF  DEATH: 

Euthanasia 

COMMENTS: 


Pathologist: 


There  are  no  significant  gross  lesions. 


adult 

f 

R.  Gunther 
>30  min 


1 
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Animal  Identification  and  Necropsy  Numben 


GROSS  OBSERVATIONS: 


Integumentary: 

Cardiovascular: 

Respiratory: 

Alimentary: 

Urinary: 

Genital: 

Hemolymphopoietic: 

Endocrine; 

Musculoskeletal: 

Nervous  and  special  senses 


No  gross  lesions  (NGL) 

There  are  hemorrhages  in  the  subcutis  adjacent  to 
venipuncture  sites. 

NGL 

NGL 

NGL 

NGL 

NGL 

NGL 

There  are  injection  sites  in  the  skeletal  muscle  of 
the  thighs. 

NGL 


HISTOPATH  OBSERVATIONS:  Pending 


i 
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Animal  Identification; 
Species: 


68-N 

M.  fasciculata 


Tissues  submitted  for  Histonathologv; 


1.  adrenal  glands 

2.  aorta 

3.  bone  (decalcified) 

4.  bone  marrow 

5 .  braiivcerebellum  &  medulla 

6 .  brain  -  forebrain 

7.  brain  -  midbrain  region 

8.  eye 

9.  eyelid 

10.  heart  (LV,RV,IVS) 

11.  kidney 

12.  large  intestine 

13.  Uver 

14.  lur^ 

15.  lymph  nodes 

16.  ovary 


17.  pancreas 

18.  peripheral  nerve  (sciatic  nerve  and  brachial  plexus) 

19.  pituitary  gland 

20.  salivary  glands 

21.  skeletal  muscle 

22.  skin 

23.  small  intestine 

24.  spinal  cord<ervical,  thoracic  lumbar,  cauda  equinae 

25.  spleen 

26.  stomach 

27.  thyroid  glands 

28.  tongue 

29.  urinary  bladder 

30.  uterus 

31. 
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^\TTiyrAT  KTFrunPfiY REPORT 
RESEARCH  ANIMAL  RESOURCES 
UNIT  OF  COMPARATIVE  MEDICINE 
ACADEMIC  HEALTH  SQENCES 
UNIVERSITY  OF  MINNESOTA 


HISTOPATHOLOGY  REPORT 

DATE  OF  REPORT 
DATE  OF  NECROPSY 
NECROPSY  NUMBER 
INVESTIGATOR 
DEPARTMENT 
SPEQES 

BREED/STRAIN 
ANIMAL  ID 

9/17199 

10/13/98 

68-N 

Gunther 

RAR 

M.  fasdculata 

68-N 

AGE 

SEX 

SUPPLIER 
PATHOLOGIST 
PM  INTERVAL 
LAB  NUMBER 
LAB  TESTS 

NO.  of  ANIMALS 

adult 

f 

R.  Gunther 
>30  min 

1 

HISTORY: 

Test-artide  toxidty  study 

KEYWORDS: 

Genistein,  epidermal  growth  factor 

FINAL  DIAGNOSES: 

No  evidence  of  test  artide-related  deleterious  effects 

CAUSE  OF  DEATH: 

Euthanasia 

COMMENTS: 

There  are  no  significant  lesions. 
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Animal  Identification  and  Necropsy  Number: 


68-N 


HISTOPATH  OBSERVATIONS: 


Integumentary: 

Cardiovascular: 

Respiratory: 

Alimentary: 

Urinary: 


Genital: 

Hemolymphopoietic: 

Endocrine: 

Musculoskeletal: 

Nervous  and  special  senses 


There  are  no  significant  lesions  (NSL)  in 
multiple  sections  of  skin,  lip  and  eyelid. 

NSL-  heart,  aorta 
NSL-lung,  trachea 

NSL-  tongue,  esophagus,  stomach,  large  and 
small  intestine,  pancreas,  liver 
NSL-  There  is  a  mild  increase  in  glomerular 
mesangial  matrix.  No  lesions  in  the  urinary 
bladder. 

NSL-  ovary,  uterus 

NSL-lymph  nodes,  spleen,  bonemarrow 
NSL-thyroid,  parathyroid,  pancreas,  adrenal 
NSL-  skeletal  muscle,  bone 
NSL-  multiple  areas  of  brain  and  spinal  cord, 
peripheral  nerve,  eye 
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Monkey  68-J 
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T^niyrA  r  T^mOPSY  REPORT 
RESEARCH  ANIMAL  RESOURCES 
UNIT  OF  COMPARATIVE  MEDICINE 
ACADEMIC  HEALTH  SQENCES 
UNIVERSITY  OF  MINNESOTA 


GROSS  REPORT 


DATE  OF  REPORT 
DATE  OF  NECROPSY 
NECROPSY  NUMBER 
INVESTIGATOR 
DEPARTMENT 
SPECIES 

BREED/STRAIN 
ANIMAL  ID 


10/13/98 

10/13/98 

68-J 

Gunther 

RAR 

M.  fasdculata 
68-J 


AGE 

SEX 

SUPPUER 
PATHOLOGIST 
PM  INTERVAL 
LAB  NUMBER 
LAB  TESTS 
NO.  of  ANIMALS 


adult 

f 

R.  Gunther 
>30  min 


1 


HISTORY:  test-artide  toxidty  study 


KEYWORDS:  genisteirv  epidermal  growth  factor 

FINAL  DIAGNOSES:  pending  histopathologic  evaluation 


CAUSE  OF  DEATH:  Euthanasia 


COMMENTS: 


There  are  no  significant  gross  lesions. 


Pathologist: 


Roland  Gunther,  DVM-PhD,  ACVP 
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Animal  Identification  and  Necropsy  Numben 


68-J 


GROSS  OBSERVATIONS: 


Integumentary: 

Cardiovascular; 

Respiratory: 

Alimentary: 

Urinary: 

Genital: 

Hemolymphopoietic: 

Endocrine: 

Musculoskeletal: 

Nervous  and  special  senses 


No  gross  lesions  (NGL) 

There  are  hemorrhages  in  the  subcutis  adjacent  to 
venipuncture  sites. 

NGL 

NGL 

NGL 

NGL 

NGL 

NGL 

There  are  injection  sites  in  the  skeletal  muscle  of 
the  thighs. 

NGL 


HISTOPATH  OBSERVATIONS:  Pending 
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Animal  Identification: 
Species: 


68-J 

M.  fasciculata 


Tissues  submitted  for  Histopathologv: 


1.  adrenal  glands 

2.  aorta 

3.  bone  (decalcified) 

4.  bone  marrow 

5.  brain-cerebeUxim  &  medulla 

6.  brain  -  forebrain 

7.  brain  -  midbrain  region 

8.  eye 

9.  eyelid 

10.  heart  (LV,  RV,  IVS) 

11.  kidney 

12.  large  intestine 

13.  liver 

14.  lur^ 

15.  lymph  nodes 

16.  ovary 


17.  pancreas 

18.  peripheral  nerve  (sciatic  nerve  and  brachial  plexus) 

19.  pituitary  gland 

20.  salivary  glands 

21.  skeletal  muscle 

22.  skin  . 

23.  small  intestine 

24.  spinal  cord-cervical,  thoracic  lumbar,  cauda  equinae 

25.  spleen 

26.  stomach 

27.  thyroid  glands 

28.  toi^e 

29.  urinary  bladder 

30.  uterus 

31. 
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Animal  Identification  and  Necropsy  Numben  68-J 


HISTOLOGIC  OBSERVATIONS: 


Integumentary: 

Cardiovascular: 

Respiratory: 

Alimentary: 

Urinary: 

Genital: 

Hemolymphopoietic: 

Endocrine: 

Musculoskeletal: 

Nervous  and  special  senses 


There  are  no  significant  (NSL)  lesions  in  multiple 
sections  of  skin,  eyelid  and  lip. 

NSL-  heart  and  aorta 
NSL-  limg,  trachea 

NSL-  esophagus,  tongue,  stomach,  large  and  small 
intestine,  pancreas,  liver 
NSL-  kidneys,  urinary  bladder 
NSL-  ovary,  uterus 

NSL-  spleen,  lymph  nodes,  bonemarrow 

NSL-pancreas,  adrenal,  tiiyroid 

NSL-  skeletal  muscle,  bone 

NSL-  multiple  areas  of  brain  and  spinal  cord, 

peripheral  nerve,  eye  (lens  not  examined) 
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HISTOPATHOLOGIC  REPORT 


DATE  OF  REPORT  9/17/99 

DATE  OF  NECROPSY  10/13/98 

NECROPSY  NUMBER  68-J 

INVESTIGATOR  Gunther 

DEPARTMENT  RAR 

SPECIES  M.  fasdculata 

BREED/STRAIN 
ANIMAL  ID  68-J 


HISTORY:  test-article  toxicity  study 


KEYWORDS:  genistein,  epidermal  growth  factor 


FINAL  DIAGNOSES:  No  evidence  of  test  eirticle-related  deleterious  effects 


CAUSE  OF  DEATH:  Euthanasia 


COMMENTS:  There  are  no  significant  lesions. 


AGE  adult 

SEX  f 

SUPPUER 

PATHOLOGIST  R.  Gunther 

PM  INTERVAL  >30  min 

LAB  NUMBER 
LAB  TESTS 

NO.  of  ANIMALS  1 
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Appendix  III 
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4/19/99  Chemotherapy  +  EQF-Qen  Toxicity 
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IN  VIVO  TOXICITY  OF 

CHEMOTHERAPY  DRUGS  +/-  EGF-GEN  (4/19/99) 


MATERIALS  AND  METHODS 

Toxicity  Studies  in  SCID  Mice.  All  SCID  mice  used  in  this  toxicity  study  were  obtained 
from  the  specific  pathogen  free  (SPF)  breeding  facilities  of  Taconic  at  4  weeks  of  age.  The  mice 
were  housed  in  the  animal  housing  facility  of  the  Hughes  Institute.  All  husbandry  and 
experimental  contact  made  with  the  mice  maintained  SPF  conditions.  The  mice  were  kept  in 
microisolator  cages  (L^b  Products,  Inc.,  Maywood,  NY)  containing  autoclaved  food,  water  and 
bedding. 

In  this  toxicity  study,  14  weighed  five  week  old  female  SCID  mice  averaging  17.7  g  were 
administered  intraperitoneal  bolus  injections  of  one  of  four  chemotherapy  drags  in  0.2  mL  sterile 
water  solution.  Groups  of  4  mice  received  treatments  of  one  of  the  following:  17  mg/kg/d  x  5d 
Taxol  (0.34  mg/ms/d  x  5d),  8  mg/kg/d  x  Id  Adriamycin  (0.16  mg/ms/d),  or  1  m^^d  x  5d 
Methyltrexate  (0.02  mg/ms/d  x  5d).  Two  mice  from  each  of  the  aforementioned  groups  received  4 
ug/d  X  lOd  EGF-Gen  starting  the  day  following  the  last  chemotherapy  treatment  for  each  drug. 
Two  additional  mice  received  50  mgdcg/d  x  2d  Cytoxan  (1  mg/ms/d  x  2d).  No  sedation  or 
anesthesia  was  used  throughout  the  treatment  period.  Nfice  were  monitored  daily  for  mortahty  for 
determination  of  day  30  LD50  values.  At  time  of  sacrifice  or  death,  mice  will  be  weighed.  Multiple 
organs  were  collected  within  4  hours  after  death,  grossly  examined,  and  processed  for 
histopathologic  examination.  Mice  surviving  30  days  post-treatment  were  sacrificed  and  the 
tissues  were  immediately  collected  and  preserved  in  10%  neutral  phosphate  buffered  formalin. 


RESULTS 

There  were  no  immediate  adverse  affects  observed  following  drug  administration.  All  surviving 
mice  will  be  electively  sacrificed  healthy  on  day  30  (May  19, 1999). 

All  mice  receiving  Adnamycin,  either  alone  or  in  combination  with  EGF-Gen,  died  between  days  3 
-  9  Refer  to  the  experiment  table  for  gross  observations  taken  during  dissection.  One  CTX  + 
EGF-Gen  mouse  is  showing  some  signs  of  toxicity  (#27456)  -  scruffy  coat,  slowed  movement.  It 
will  be  closely  examined  throughout  the  weekend. 

(5/14/99)  Mice  appear  healthy.  Mouse  #27456  appears  to  have  recovered  from  the  earlier  signs  of 
toxicity.  All  remaining  survivors  will  be  sacrificed  on  Wednesday,  May  19, 1999  (day  30). 

(5/19/99)  All  surviving  mice  were  sacrificed  healthy  on  day  30,  May  19,  1999.  All  mice  were 
found  to  be  unremarkable  at  time  of  sacrifice,  with  the  exception  of  #27452  (Taxol)  and  #27464 
(MIX  +  EGF-Gen).  Gross  observations  are  noted  in  the  attached  experiment  table. 

The  mean  experimental  weight  change  observed  in  the  Adriamycin  and  Adriamycin  +  EGF-Gen 
groups  were  -32.8%  and  -26.3%,  respectively.  For  the  five  treatment  groups  that  did  not  sustain 
any  deaths  during  the  experiment,  the  weight  change  ranged  from  12.4%  in  the  CTX  +  EGF-Gen 
group  to  20.9%  in  the  Taxol  +  EGF-Gen  group. 
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^rrX+  2  2.80  ±  0.50  0.3441  0.6266  0.7408 

EGF-Gen _ _ _ _ _ _ 

’"Weight  p-value  determined  by  unpaired  t-test  analysis.  A  p-value  <0.05  was  considered  significant. 


Broject  Related  Study  Not  Conducted  Under  This  Grant 
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Histopathologic  Evaluation  of  Tissues  from  SCID  Mice  on  a  Chemotherapy  +  EGF-GEN  IP 

Toxicity  Study.  Experiment  Date:  4/19/99. 


A.  MATERIAL  AND  METHODS: 


1 .  The  study  was  performed  as  follows: 

Beginning  on  4/19/99,  5  weeks  old  female  SCID  mice  received  the  following 

treatments. 

Group  1 :  Taxol  (TXL):  17  mg/kg/day  x  5  days. 

Group  2:  Taxol  (TXL):  17  mg/kg/day  x  6  days  +  EGF-GEN:  4  pg/day  x  10  days, 

beginning  the  day  following  the  last  chemotherapy  treatment. 

Group  3:  Cytoxan  (CTX):  50  mg  /  kg  /  day  x  2  days  +  EGF-GEN:  4  pg/day  x  10 

days,  beginning  the  day  following  the  last  chemotherapy  treatment. 

Group  4:  Adriamycin  (ADM):  8  mg  /  kg  x  1  day. 

Group  5:  Adriamycin  (ADM):  8  mg  /  kg  x  1  day  +  EGF-GEN:  4  pg/day  x  10  days, 

beginning  the  day  following  the  last  chemotherapy  treatment. 

Group  6:  Methyltrexate  (MTX):  1  mg  /  kg  /  day  x  5  days. 

Group  7:  Methyltrexate  (MTX):  1  mg  / 1^  /  day  x  5  days  +  EGF-GEN:  4  pg/day  x 

10  days,  beginning  the  day  following  the  last  chemotherapy  treatment. 


The  group  size  was  2  mice  per  group. 

No  untreated  control  mice  were  included  In  the  e)q5erlment. 

2 .  TABLE  1 :  Mouse  Identification  and  Treatment  Table . 4/19/99 


Group: 

1 

2 

3 

4 

5 

6 

7 

Treatment 

TXL 

TXL  + 
EGF-GEN 

CTX  + 
EGF-GEN 

ADM 

ADM  + 
EGF-GEN 

MIX 

M1X+ 

EGF-GEN 

Mouse  ID#’s: 

27451 

27452 

27543 

27454 

27455 

27456 

27457 

27458 

27459 

27460 

27461 

27462 

27463 

27464 

Total  #  of 
mice  /  group 

2 

2 

2 

2 

2 

2 

2 

#  of  mice 
examined 

HI 

2 

2 

2 

2 

2 

2 

3.  Table  2: 


Outcome  (Survival  -  days): 


1  Group  #  1  Treatment 

Survival  (days) 

Group  1: 

Taxol  (TXL) 

2/2  (100%)  SH  at  30  days. 

Group  2: 

Taxol  frXL)+  EGF-GEN 

2/2  (100%)  SH  at  30  days. 

Group  3: 

CMoxan  (CTX)  +  EGF-GEN 

2/2  (100%)  SH  at  30  days. 

Group  4: 

Adriamycin  (ADM) 

2/2  (100%)  died  on  day  8  and  9. 

Group  5: 

Adriamvdn  (ADM)  +  EGF-GEN 

2/2  (100%)  died  on  day  5  and  7. 

Group  6: 

Methyltrexate  (MTX) 

2/2  (100%)  SH  at  30  days. 

Group  7: 

Methyltrexate  (MTX)  +  EGF-GEN 

2/2  (100%)  SH  at  30  days. 

3.  Clinical  Phase.  Necropsy  and  harvesting  of  tissues: 

a.  The  clinical  phase,  necropsy  and  harvesting  of  tissues  was  performed  at  the 
Hughes  Institute,  2680  Patton  Road,  Roseville,  MN  55113. 

b  At  death,  all  mice  had  routine  postmortem  examinations.  Tissues  from  selected 
mice  were  collected,  fixed  in  10%  formalin,  and  processed  for  histologic 
sectioning  in  a  routine  manner.  The  histology  slides  were  stained  with 
Hematoxylin  and  Eosin. 

c.  The  histologic  evaluation  of  the  tissues  and  report  compilation  was  done  by 
Barbara  J.  Waurzynlak.  DVM.,  MS.,  (veterinary  pathologist). 
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Histopathologic  Evaluation  of  Tissues  from  SCID  Mice  on  a  Chemotherapy  +  EGF-GEN  IP 

ToxIcHy  Study.  Experiment  Date:  4/19/99. 


EXPERIMENTAL  RESULTS: 


Potential  test-agent  related  lesion?.  (See  Table  3): 


Bone  Marrow,  erythroid.  myeloid  and  megakaryocytic  ^pletion 
(pancytopenia),  marked.  Present  in  2/2  (100%)  of  the  mice  ;n  Gr^p  4 
(Adriamydn)  and  2/2  (100%)  of  the  mice  in  Group  5  (Adriamycin  +  EGF-GEN). 
Most  likeiy  caused  by  the  Adriamycin. 

Stomach,  foca!  gastric  ulceration  and  inflammation.  Present  in  1/2  (50  ^)  of 
the  mice  in  Group  4  (Adriamycin). 

Kidnev  acute  tubular  necrosis,  mild,  multifocal,  renal  cortex.  Present  in  2/2 
(100%)  of  the  mice  in  Group  4  (Adriamycin)  and  ^2  (100%)  of  the  mice  in 
Group  5  (Adriamydn  +  EGF-GEN).  Most  likely  caused  by  the  Adnamycm. 

Liver  multifocal  hepatic  necrosis,  mild,  acute.  Present  1|2  (50%)  of  the  mice 
in  Group  5  (Adriamycin  +  EGF-GEN).  May  be  caused  by  Adriamycin  or  Mouse 

Hepatic  necrosis  was  considered  unlik^  to  be  c^sed  by  p® 

the  absense  of  hepatic  necrosis  in  Group  2  ^(TaxoI  +  EGF-GEN).  Group  3 

(Cytoxan  +  EGF-GEN)  and  Group  7  (Methyltrexate  +  EGF-GEN). 

Ovarv  follicular  atrophy,  moderate  to  marked.  Present  in  1/1  (^0%)  of  the 

examined  mice  in  Group  4  (Adriamydn)  and  1/1  ('•0^) 

mice  In  Group  5  (Adriamycin  +  EGF-GEN).  Most  likely  caused  by  the 

Adriamycin. 

Snleen  reduced  hematopoiesis  in  the  red  pulp.  Present  in  1/1  (100%)  of  the 
examined  mice  in  Group  4  (Adriamydn)  and  2/2  (100%)  of  the  examined 
Si??  In  Group  5  (Adriamydn  +  KF-GEN).  Most  likely  caused  by  the 

Adriamycin. 


2.  Incidental  findings: 

a.  Heart  dystrophic  epicardial  mineralization  and  fibrosis,  multifocal,  mild  to 
moderate.  Present  in : 

1/2  (50%)  of  mice  In  Group  3  (Cytoxan  +  EGF-Gen), 

1/2  (50%)  of  mice  In  Group  4  (Adriamydn), 

1/2  (50%)  of  mice  in  Group  5  (Adriamycin  +  EGF-Gen), 

1/2  (50%)  of  mice  In  Group  6  (Methyltrexate), 

1/2  (50%)  of  mice  In  Group  7  (Methyltrexate  +  EGF-Gen). 

b.  Ovary,  ovarian  tumor,  (probable  granulosa  cell  tumor).  Present  in  1/1  (100%)  of 
the  examined  mice  in  Group  1  (Taxol). 

c.  Thymus,  thymic  cysts,,  multifocal.  Most  likely  are  developmental.  Present  in  1/1 
(100%)  of  the  examined  mice  in  Group  1  (Taxol). 

COMMENTS: 

Based  on  the  results  of  the  histologic  evaluation  of  the  test  animals,  it  is  concluded  that  EGF- 
GEN  is  non-toxic  under  the  conditions  of  this  study. 
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HIstoDathologIc  Evaluation  of  Tissues  from  SCID  Mice  on  a  Chemotherapy  +  EGF-GEN  IP 

Toxicity  Study.  Experiment  Date:  4/19/99. 

TABLE  D - Histopathologic  Results  from  SCID  Mice  on  a  Chemotherapy  +  EGF-GEN  IP  Toxicity  Study.  Experiment 

Date:  4/19/99. 


TREATMENT: 


TISSUE  /  DIAGNOSIS  /  MODIFIER{S): 


BRAIN: 


2l  13 


TXL+  CTX  + 

EGF-GEN  EGF-GEN 


ADM  ADM  + 

EGF-GEN 


MIX  MTX  + 

EGF-GEN 


2/2  (100%)  2/2  (100%)  I  2/2  (100%)  0/2  (0%)  0/2  (0%)  2/2  (100%j^  2/2  (100%) 

- - 2  (0%)  672  (  0%1~  0/2  (0%)  0/2  (0%)  0/2 

2/2  (100%)  2/2  (100%)  0/2  (0%)  0/2 


2/2  (100%)  2/2  (100%)  1  2/2  (100%)  |  2/2  (100%)  |  2/2  (100%)  12/2  (100%)  1  2/2  (100%) 


2/2  (100%)  2/2  (100%)  I  2/2  (100%)  I  2/2  (100%)  |  1/1  (100%)  1  2/2  (100%)  |  2/2  (100%) 


Gastric  ulcer, 
focally 

extensive,  acute, 
with  mild 
suppurative 
submucosal 
inflammation. 


HEART: 


a.  Dystrophic 

n^neiafeatlon  and 
fibrosis,  epteardium, 
muKif6<^l,  mild  to 
moderate.  ^ 


WONEY: 


Tubular  necrosis, 
acute,  miid, 
muKifbcal,  renal 
cortex. 


2/2  (100%) 


2/2  (100%) 


2/2  (100%)  1  2/2  (100%) 


2 


2/2  (100%)  2/2  (100%) 


1/1  (100%)  0/2  (0%)  I  2/2  (100%) 


2/2  (100%) 


2/2  (100%) 


1/2  (50%)  I  2/2  (100%)  I  2/2  (100%)  |  2/2  (100%) 


2/2  (100%) 


2 


2/2  (100%)  1/2 _ (50%) 


1/2  (50%)  I  1/2  (50%)  I  1/2  (50%) 


1/2  (50%) 


0/0  1  2/2  (100%)  1  2/2  (100%)  I  0/2  (0%)  1  0/2  (0%)  |  2/2  (100%)  I  2/2  (100%) 


3.  Hepatic  necrosis, 
mild,  multifocal, 
acute. 


LUNG: 


2/2  (100%) 


2/2  (100%) 


2 


2/2  (100%)  I  2/2  (100%)  I  2/2  (100%)  |  1/2  (50%)  |  2/2  (100%)  |  2/2  (100%) 


2/2  (100%)  2/2  (100%) 


2  (0%)  0/2 


2/2  (100%)  I  2/2  (100%)  I  2/2  (100%) 


2 


2/2  (100%) 


Histopathologic  Evaluation  of  Tissues  from  SCID  Mice  on  a  Chemotherapy  +  EGF-GEN  IP 

Toxicity  Study.  Experiment  Date:  4/19/99. 


TABLE  2:  Histopathologic  Results  from  SCID  Mice  on  a  Chemotherapy  +  EGF-GEN  IP  Toxicity  Study.  Experiment 

Date:  4/19/99. 


GROUP: 

TREATMEMT: 


1  I  21  3 

TXL  TXL+  CTX  + 

EGF.GEN  EGF-GEN 


4  I  5 

ADM  ADM  + 

EGF-GEN 


.  6 _ l_ 

MfTX  MTX  + 

EGF-GEN 


TISSUE  /  DIAGNOSIS  t  MODIFIER(S): 


0/2 

(0%) 

0/2 

(0%) 

0/2 

(0%) 

0/2 

(0%) 

0/2 

(0%) 

1/1 

(100%) 

2/2 

(100%) 

2/2 

(100%) 

2/2 

(100%) 

2/2 

(100%) 

2/2 

(100%) 

1/2 

(50%) 

1/1 

(100%) 

2/2 

(100%) 

0/2 

(0%) 

0/2 

(0%) 

1/1 

(100%) 

0/2  (0%) 


2/2  (100%)  2/2  (100%)  2/2  (100%)  2/2  (100%)  2/2  (100%)  2/2  (100%lI  2/2  (100%) 


2/2  (100%)  2/2  (100%)  2/2  (100%)  2/2  (100%)  2/2  (100%)  1  2/2  (100%)  |  2/2  (100%) 


f  it  m*T 


■>!■>  riOO%vl  1/1  (100%)  2/2  (100%)  I  2/2  (100%)  2/2  (100%)  2/2  (100%)  2/2  (100%) 

- -  —  2  ToTT  0/2  (0%)  0/2 


1/1  (100%)  2/2  (100%)  1/1  (100%)  I  2/2  (100%)  2/2  (100%)  2/2  (100%)  I  2/2  (100%) 

- - — -  2  (0%r  0/2  (0%)  0/2 


2/2  (100%)  2/2  (100%)  1  2/2  (100%)  I  0/2  (0%)  1  0/2  (0%)  I  2/2  (100%)  I  2/2  (100%) 


0/2  (0%)  I  1/1  (100%)  1  2/2  (100%)  I  0/2  (0%)  1  1/1  (100%)  |  2/2  (100%)  |  1/1  (100%) 


2.  NE 


UTERUS: 


Z  NE 


TTT  (100%)  I  0/2 


2/2  (100%)  1/1  (100%)  1  2/2  (100%)  |  2/2  (100%)  |  2/2  (100%)  1  2/2  (100%)  |  2/2  (100%) 


(50%) 


2/2  (100%)  I  2/2  (100%)  I  2/2  (100%)  1  2/2  (100%)  |  1/1  (100%)  I  2/2  (100%)  I  2/2  (100%) 
- - -  (50%)  I  0/2 


NOTES: 

muKHocal  consisting  of  a  few  small  fed  of  macrophages,  neutrophils,  and/or  lymphocytes: 

b)  nonsuppurative  cholangitis,  miW; 

A  lo  th«  Sastiic  submucosa,  particularly  at  the  juncbon  of  the  glandular  and  nonglandular  regions, 

e)  mild  inflammafcn  of  the  mesenteric  fat  and  /or  peritoneum. 

1.  WNL  =  Within  Normal  Limits. 

2.  NE  =  Not  Examined. _ _ _ _ _ _ _ _ _ _ _ 
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Appendix  IV 
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Doubling  tumor  progression  survival  of  Chemotherapy  compounds  with  EGF*Gen  administered  against  MDA  MB  23 1  in  CB 17  SCID  mice 

Treatment  Group  #  Doubling  Progression  Median  PFS  Mean  PFS  P-rank  Value 

of  Mice  30  Days  60  Days  (days)  (days)  vs  Control  vsEGF-Gen  vsTaxol  vsAdriamycin  vs  Cytoxan  vs  Taxol  +  vsAdriamycin  vs  Cytoxan + 

EGF-Gen  +  EGF-Gen  EGF-Gen 
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This  table  is  based  on  data  collected  up  through  day  71. 


Proportion  Surviving  Tumor  Free 


512AI99  MDA  Tumor  Progression  Adriamycin  Doubling  Data 


Control 

Adriamycin 

Adriamycin+EGF-Gen 


5/24/99  MDA  EGF-Gen  +  Taxol  DATA 


This  is  a  graph  of  tumor  growth  in  mice  injected  with  MDA  cells 
SQ.  These  mice  were  treated  with  a  combination  of  EGF-Gen  and 
Taxol. 
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TUMOR  SIZE(CM^3) 


These  mice  were  treated  with  Cytoxan  on  days  2  and  3. 
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DAYS  AFTER  CELLS  WERE  INJECTED 

This  is  a  graph  of  tumor  growth  in  mice  injected  with  MDA  cells  SQ. 
These  mice  were  treated  with  Taxol  on  days  2-4. 
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INTRODUCTION 


During  the  last  budget  period,  a  systematic  effort  has  been  made  aimed  at  identifying  active 
Sulfa-SANPAH-linked  EGF-Gen  conjugates  with  specific  HPLC  elution  profiles  (see 
Document  4).  two  major  species  have  been  subjected  to  detailed  biological  testing, 
neither  species  exhibited  a  potent  cytotoxicity  against  human  breast  cancer  cells.  Therefore, 
no  animal  studies  have  been  conducted  with  these  conjugates. 


Materials  and  Methods  - 


Preparation  of  EGF-Genistein  and  Related  Conjugates  .  rhEGF  was 
produced  in  E.  coli  harboring  a  genetically  engineered  plasmid  that 
contains  a  synthetic  gene  for  human  EGF  fused  at  the  N-terminus  to  a 
hexapeptide  leader  sequence  for  optimal  protein  expression  and  folding. 
rhEGF  fusion  protein  precipitated  in  the  form  of  inclusion  bodies  and  the 
mature  protein  was  recovered  by  trypsin-cleavage  followed  by  purification 
using  ion  exchange  chromatography  and  HPLC.  rhEGF  was  99%  pure  by 
reverse-phase  HPLC  and  SDS-PAGE  with  an  isoelectric  point  of  4.6  ±  0.2. 
The  endotoxin  level  was  0.17  EU/mg. 

The  recently  published  photochemical  conjugation  method  using  the 
hetero-bifunctional  photoreactive  crosslinking  agent,  Sulfosuccinimidyl  6- 
[4’azido-2’-nitrophenylamino]hexanoate  (Sulfo-SANPAH)  (Pierce  Chemical 
Co.,  Rockford,  IL)  was  initially  employed  in  the  synthesis  of  the  EGF- 
Genistein(Gen)  conjugates.  Sulfo-SANPAH  was  dissolved  in  DMSO  and 
used  to  modify  EGF  at  a  molar  ratio  of  1:10,  EGF  to  crosslinker.  Following 
size-exclusion  chromatography  to  remove  unreacted  crosslinker  and  small 
molecular  weight  reaction  products,  the  modified  rhEGF  was  mixed  with  a 
10:1  or  20:1  molar  ratio  of  Gen  (LC  Laboratories,  Woburn,  MA)  [50  mM 
solution  in  dimethyl  sulfoxide  (DMSO)]  and  then  irradiated  for  60  min  with 
long-wave  UV  light  (  366  nm.  Model  UVGL-15  Multiband  UV-  254/366  nm 
Mineralight;  UVP,  Upland,  CA).  Photolytic  generation  of  a  reactive  singlet 
nitrene  on  the  other  terminus  of  EGF-SANPAH  in  the  presence  of  a  molar 
excess  of  Genistein  resulted  in  the  attachment  of  Gen  to  lysine  28,  lysine 
48,  or  the  N-terminal  residue  of  EGF.  Excess  Gen  in  the  reaction  mixture 
was  removed  by  passage  through  a  G25-Sephadex  prepacked  column. 

The  EGF-  Gen  conjugate  was  subsequently  filter-sterilized  and  the 
protein  concentration  determined  using  the  Bicinchoninic  Acid(BCA)  Protein 
Assay  kit  obtained  from  Sigma  Chemical  Company.  Bicinchoninic  acid  is  a 
chromogenic  reagent,  highly  specific  for  Cu(l),  which  forms  a  purple 
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complex  with  an  absorbance  at  562  nm  that  is  directly  proportional  to  the 
protein  concentration. 

In  addition  to  Sulfo-SANPAH,  we  used  the  following  crosslinking  agent 
obtained  from  Molecular  BioSciences(Boulder,  CO):  N-5-azido-2- 
nitrobenzoyloxysuccinimide(ANB-NOS),  with  a  chain  length  of  7.7  A 
compared  to  18.2  A  for  Sulfo-SANPAH.  ANB-NOS  also  has  a  phenyl  azide  at 
one  end  to  react  with  Genistein  following  photolysis  and  an  N- 
hydroxysuccinimide  ester  at  the  other  end  to  react  with  protein  amino 
groups. 

HPLC  Analysis.  Reverse  phase  HPLC  using  a  Hewlett-Packard  (HP)  1100 
series  HPLC  instrument  was  used  to  monitor  and  characterize  the  EGF- 
Gen  conjugations.  Analytical  HPLC  was  performed  using  a  LiChrospher 
100(RP-18,  5  urn)  reverse  phase  column  (250x4  mm,  Hewlett-Packard). 
HPLC  chromatograms  were  run  at  wavelengths  of  280  nm,  325  nm,  or  480 
nm  using  the  multiple  wavelength  detector  option  supplied  with  the 
instrument.  UV  spectra  were  generated  for  the  individual  peaks  of  interest 
in  the  chromatogram.  Five  - 100  uL  samples  were  applied  to  the  above 
column  and  analysis  was  achieved  using  a  gradient  flow  as  follows:  t  =  0, 
20%  D;  t  =  5,  30%  D;  t  =  9,  38%  D;  t  -  20,  43.5%  D;  t  =  35,  100%  D;  t  -  50, 
100%  D;  t  =  55,  20%  D;  t  =  56  stop.  Eluent  C  consisted  of  a  mixture  of 
0.1%  trifluoroacetic  acid(TFA)  in  water  and  eluent  D  contained  80% 
acetonitrile  (CH3CN),  20%  H2O,  and  0.1%  TFA. 

Size-exclusion  chromatography  was  carried  out  using  a  Beckman 
System  Gold  Instrument  equipped  with  either  a  preparative  TSKG3000SW 
column  equilibrated  in  100  mM  sodium  phosphate  buffer,  pH  6.8  at  a  flow 
rate  of  3  mL/minute  or  an  analytical  TSKG3000PW  column  run  in  the  same 
buffer  at  a  flow  rate  of  0.2  mL/min 

Mass  Spectrometry.  Mass  spectrometric  analysis  was  routinely  performed 
to  determine  the  relative  molecular  weights  of  the  modified  EGF  and  EGF- 
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Genistein  conjugates  using  a  Hewlett-Packard  Model  G2025A  matrix- 
assisted  laser  desorption/ionization  mass  spectrometer  with  linear  time-of- 
flight  mode  (MALDI-TOF).  In  conjunction  with  the  Hewlett-Packard 
instrument  were  a  sample  preparation  assembly  model  G2024A  including 
a  high  vacuum  pump  and  a  Dos-Chem  station  controller  model  G1030A. 
Before  starting  the  experiment,  the  instrument  was  calibrated  with  protein 
standards  G2025A  supplied  by  Hewlett-Packard;  mass  calibration  was 
used  by  peak  centroiding  at  the  80%  level.  Sinnapinic  acid(Hewlett- 
Packard)  was  used  as  a  matrix  source.  Samples  were  prepared  by  spotting 
1  uL  of  a  mixture  of  protein,  in  phosphate  buffer,  with  the  matrix  solution(1:1, 
v/v)  on  the  gold  surface  of  the  probe  with  subsequent  evaporation  under 
vacuum.  Ionization  was  accomplished  with  a  laser  radiating  at  a  337-nm 
wavelength(5  ns  pulses,  laser  energy  1.97  uJ)  in  both  single  shot  and 
multiple  shot  modes.  The  analyzer  was  used  in  the  linear  mode  at  an 
accelerating  voltage  of  28  kV.  The  obtained  spectra  represent  the  sum  of 
consecutive  laser  shots  and  have  not  been  smoothed. 

Zymography  Procedure.  500,000  cells  were  plated  into  each  well  of  a  6  - 
well  microtiter  plate  and  incubated  overnight  in  2  mL  of  complete  medium 
for  cell  attachment.  Following  the  overnight  incubation,  cells  were  washed 
3  times  in  serum-free  medium  containing  1%  penicillin-streptomycin(Pen  - 
Strep).  Two  mL  of  serum-free  medium  plus  Pen  -  Strep  ^the  test 
compounds  were  added  and  the  cells  incubated  at  37°  C  for  the  desired 
period  of  time. 

Following  the  incubation  period(usually  24  -  96  hr),  the  cell  supernatants 
were  harvested  and  centrifuged  10  minutes  to  remove  cell  debris.  The 
supernatants  were  then  concentrated  using  centrifugal  concentrating 
devices(Centricon,  Millipore)  with  a  30  kDa  molecular  weight  cut-off.  Protein 
concentrations  were  determined  using  the  BCA  assay  and  equal  amounts 
of  protein  were  run  on  10%  SDS  -  PAGE  gels  containing  0.1% 
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gelatin(Sigma,  Type  A  from  porcine  skin,  approximately  300  bloom). 

Samples  were  not  reduced  or  heated  for  the  gels. 

After  electrophoresis,  the  gels  were  rocked  at  room  temperature  in  2.5% 
Triton  X-100  for  30  minutes,  followed  by  rocking  in  Developing  Buffer{10  mM 
Tris  base,  40  mM  Tris  -  HCI,  200  mM  NaCI,  5  mM  CaCb ,  0.02%  Brij  35)  for 
60  minutes  at  room  temperature.  Fresh  Developing  Buffer  was  added  to 
the  gels  and  they  were  incubated  overnight  at  37°  C.  The  Buffer  was 
decanted  and  the  gels  stained  with  gentle  rocking  for  a  minimum  of  60 
minutes  in  0.5%  Coomassie  Blue.  Gels  were  destained  in  10% 
methanol/5%  acetic  acid  until  clear  bands  became  visible.  Gels  were 
stored  in  water  until  photographed  and  dried.  This  procedure  was  from 
Yiwei  L,  Bhuiyan  M,  Alhasan  S,  Senderowicz  AM,  and  Sarkar  FH.  Induction 
of  Apoptosis  and  Inhibition  of  c-erbB  -  2  in  Breast  Cancer  Cells  by 
Flavopiridol.  Clinical  Cancer  Research  5:223  -  229(2000). 

SDS-PAGE  Analysis.  SDS-PAGE  was  used  to  monitor  the  preparation  and 
purification  of  the  EGF-Genistein  conjugates.  10  -  20%  tris  tricine  gradient 
gels  (BioRad  Laboratories)  were  stained  with  GelCode  Blue  to  visualize  the 
protein  bands. 

Human  Foreskin  Fibroblast  Cell  Line.  Hs  27{ATCC  CRL  - 1634)  is  one  of  a 
series  of  human  foreskin  fibroblast  lines  developed  at  the  Naval 
Biosciences  Laboratory(NBL)  in  Oakland,  CA.  This  cell  line  has  the  normal 
male  karyotype,  46XY. 

Breast  Cancer  Cells.  MDA-MB-231  (ATCC  HTB-26)  is  an  EGF-R  positive 
breast  cancer  cell  line  initiated  from  anaplastic  carcinoma  cells  of  a  51  year 
old  patient.  BT-20  (ATCC  HTB-19)  is  another  EGF-R  positive  breast  cancer 
cell  line  isolated  from  the  primary  breast  tumor  of  a  74  year  old  patient  with 
grade  II  mammary  adenocarcinoma.  SQ-20B  is  a  squamous  cell 
carcinoma  of  the  head  and  neck. 
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MDA-MB-231  cells  are  cultured  in  Leibovitz’s  L-15  medium  plus 
glutamine:  BT-20  breast  cancer  cells  are  maintained  in  MEM  medium 
containing  0.1  mM  NEAA  and  Earle’s  BSS;  SQ-20B  cells  are  in  DMEM.  All 
media  are  further  supplemented  with  10  %  fetal  bovine  serum(DMEM 
contains  20%  FBS,  not  heat-inactivated).  For  subculturing,  medium  is 
removed  from  the  flasks  containing  a  confluent  layer  of  cells  and  fresh 
0.25%  trypsin  added  for  1-2  min.  Trypsin  is  removed  and  cultures 
incubated  for  5-10  min  at  370C  until  the  cells  detached.  Fresh  medium  is 
then  added  and  the  cells  aspirated  and  dispensed  into  new  flasks. 

Cytotoxic  Activity  of  EGF-Genistein.  The  specific  cytotoxic  activity  of  the 
EGF-Genistein  conjugates  was  determined  using  the  MTT  (3-[4,5- 
dimethylthiazol-2-yl]-2, 5-diphenyl  tetrazolium  bromide)  assay  (Boehringer 
Mannheim  Corp.,  Indianapolis,  IN).  Briefly,  exponentially  growing  breast 
cancer  cells  were  seeded  into  a  96-well  plate  at  a  density  of  2. Ox  10"* 
cells/well  and  incubated  for  18  -  24  hr  at  37°C  prior  to  drug  exposure.  On 

the  day  of  treatment,  culture  medium  was  carefully  aspirated  from  the  wells 
and  replaced  with  fresh  medium  containing  the  EGF-Genistein  conjugates 
or  unconjugated  EGF.  Triplicate  wells  were  used  for  each  treatment.  The 
cells  were  incubated  with  the  various  compounds  for  48  -  72  hours  at  37°C 
in  a  humidified  5%  CO2  atmosphere(  MDA-MB-231  cells  were  incubated  in 
the  absence  of  CO2).  To  each  well,  10  pi  of  MTT  (0.5  mg/ml  final 

concentration)  was  added  and  the  plates  incubated  at  37°C  for  4  hours  to 
allow  MTT  to  form  formazan  crystals  by  reacting  with  metabolically  active 
cells  .  The  formazan  crystals  were  solubilized  for  a  minimum  of  4  hr  at  37°C 
in  a  solution  containing  10%  SDS  in  0.01  M  HCI.  The  absorbance  of  each 
well  was  measured  in  a  microplate  reader  (Labsystems)  at  540  nm.  The 

absorbance  was  a  measure  of  cell  viability:  the  greater  the  absorbance  the 
greater  the  cell  viability. 
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EGF  Stimulation/Viability  Assays.  Cell  suspensions  of  CRL  - 1634  and 
MDA  -  MB  -  231  were  prepared  in  serum-free  DMEM  at  a  final  cell 
concentration  of  4  x  10'‘cells/mL.  Each  sample  tube  contained  1  mL  of  the 
cell  suspension,  80  uL  of  FBS,  0  -  40  uL  of  EGF,  and  DMEM  to  a  final 
volume  of  4  mL.  The  contents  of  the  tubes  were  gently  mixed  and  1  mL 
amounts  added  to  each  of  4  wells  of  a  24-well  plate.  The  final  concentration 
in  each  well  was  1  x  lO'^cells/mL  in  DMEM/2%  FBS  +  EGF  or  EGF- 
conjugates.  The  cells  were  refed  on  day  3  and  counted  on  day  5. 


Colony  Assays.  After  overnight  treatment  with  EGF-Gen  or  PBS,  cells  were 
resuspended  in  clonogenic  medium  consisting  of  alpha-MEM  supplemented  with 
0.9%  methylcellulose,  30%  fetal  bovine  serum,  and  50  pM  2-mercaptoethanol. 
Cells  were  plated  in  duplicate  Petri  dishes  at  100,000  cells/mL/dish  and  cultured 
in  a  humidified  5%  C02  incubator  for  7  days.  Cancer  cell  colonies  were 
enumerated  on  a  grid  using  an  inverted  phase  microscope  of  high  optical 
resolution.  Results  were  expressed  as  %  inhibition  of  clonogenic  cells  at  a 
particular  concentration  of  the  test  agent  using  the  formula:  %  Inhibition  =  (1  - 
Mean  #  of  colonies  [Test]  /  Mean  #  of  colonies  [Control])  x  100. 
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Results  - 


Our  initial  EGF-Genistein  conjugates  were  formed  using  Sulfo-SANPAH 
as  the  photolabile  crosslinker.  EGF  was  modified  using  a  10:1  molar  ratio 
of  Sulfo-SANPAH  :  EGF  followed  by  60  minutes  of  photolysis  in  the 
presence  of  longwave  UV  and  a  10  -  20-fold  molar  excess  of  Genistein. 
Size-exclusion  HPLC  revealed  the  presence  of  high-molecular  weight 
material  and  SDS  -  PAGE  showed  the  presence  of  EGF  multimers. 

Photolyzing  the  highly  SANPAH-modified  EGF  at  high  protein 
concentrations  appeared  to  be  causing  the  formation  of  EGF-EGF 
multimers  so  we  tried  photolyzing  the  Sulfo-SANPAH  -  Genistein  mixture(in 
DMSO)  prior  to  the  addition  of  the  EGF.  This  “pre  -  photolysis”  mixture 
contained  a  10:1  or  2.5:1  molar  excess  of  Genistein  to  crosslinker  in  order 
to  increase  the  opportunity  for  the  active  nitrene  to  link  to  Genistein  rather 
than  to  another  SANPAH.  Further  chemical  analyses  of  this  photolyzed 
mixture  indicated  the  possible  formation  of  a  Genistein  -  Sulfo-SANPAH 
ester.  Since  it  was  felt  that  this  ester  would  probably  be  unstable  during 
subsequent  conjugation  and  storage  conditions,  we  generated  future  EGF- 
Genistein  conjugates  using  the  original  published  procedure. 

Reverse-phase  HPLC  analysis  was  performed  on  EGF-  Genistein 
conjugates  prepared  using  a  10:1  ratio  of  the  Sulfo  -  SANPAH  crosslinker  to 
EGF.  Figure  1(A  -  E)  shows  HPLC  patterns  for  the  SANPAH-modified  EGF 
itself(in  the  absence  of  Genistein),  the  EGF-Genistein  conjugate  formed 
using  a  20:1  ratio  of  Genistein  to  EGF,  and  EGF,  Sulfo-SANPAH,  and 
Genistein  controls.  Figure  IF  shows  the  pattern  for  the  EGF-Gen  conjugate 
formed  when  a  10:1  ratio  of  Genistein  was  added  to  the  SANPAH-modified 
EGF. 

In  this  series  of  experiments,  native,  monomeric  EGF  has  a  retention 
time  between  13  and  14  minutes  and  is  detected  at  a  wavelength  of  280 
nm.  There  is  no  free  EGF  present  in  any  of  the  EGF  conjugates;  we  believe 
the  peak  eluting  between  44  and  46  min  may  represent  denatured. 
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aggregated  EGF  caused  by  the  reverse-phase  column  conditions.  All  of  the 
HPLC  traces  show  a  number  of  peaks  which  are  detectable  at  280  and  480 
nm.  The  UV  spectra  of  these  peaks  reveal  the  absorbance  peak  at  280 
nm(characteristic  of  EGF)  as  well  as  an  absorbance  at  480  nm  indicating 
the  presence  of  the  SANPAH  moiety. 

When  Genistein  has  been  added  to  the  conjugation  mixture(Figure  1  ), 
the  presence  of  unreacted  Genistein,  with  a  retention  time  of  19  -  20 
minutes,  can  be  detected  at  a  wavelength  of  280  nm  in  this  reverse-phase 
system.  The  UV  spectrum  is  characteristic  with  a  shoulder  at  330  nm;  UV 
spectra  of  potential  EGF-Genisten  conjugates,  eluting  at  36  -  38  minutes, 
possess  this  shoulder  along  with  an  absorbance  at  480  nm. 

We  then  used  this  reverse-phase  HPLC  method  to  isolate  enough 
material  eluting  at  approximately  30  and  38  minutes(the  2  major  peaks  of 
interest  present  in  EGF-Genistein)  to  test  in  viability  and  MTT  assays.  EGF 
itself  was  run  through  the  HPLC  as  a  control.  The  fractions  isolated  from 
the  HPLC  runs  were  evaporated  under  nitrogen  to  remove  the  acetonitrile. 
10X  PBS  was  added  to  neutralize  the  samples  and  bring  them  to  the  usual 
IX  PBS  buffer  conditions. 

Figure  2A  shows  the  results  of  an  EGF  Growth/Stimulation  Assay  using 
the  CRL-1634  cell  line  and  various  concentrations  of  stock  EGF.  We  chose 
a  concentration  of  2.5  ng/mL  for  the  final  concentration  of  EGF  in 
subsequent  assays  using  this  cell  line  since  we  saw  maximum  stimulation 
at  this  dose.  We  also  used  this  assay  to  test  the  effect  of  various 
concentrations  of  DMSO  on  the  ability  of  EGF  to  stimulate  these  cells  since 
Genistein  and  the  crosslinkers  are  very  insoluble  in  water  at  the 
concentrations  we  are  using(Figure  2B)  .  Final  concentrations  of  DMSO  are 
5%  for  the  Sulfo-SANPAH  modification  and  10  -  20%  for  the  Genistein  step 
and  it  is  clear  that  these  amounts  are  inhibitory  when  mixed  with  2.5  mg/mL 
EGF,  in  PBS,  for  2.5  hr  at  room  temperature  with  gentle  rocking.  Figure  3 
shows  that  HPLC-purified  EGF  is  still  able  to  stimulate  CRL-1634  cells. 
Similar  experiments  were  conducted  using  MDA-MB-231  breast  cancer 
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cells(Figure  4).  In  this  case,  EGF  did  not  stimulate  the  cells  to  the  same 
extent  that  CRL-1634  cells  were  stimulated  and  some  inhibition  of  growth 
was  seen  when  cells  were  incubated  with  EGF  that  had  passed  through  the 
HPLC  column. 

Figures  5A  and  5B  show  results  of  the  EGF  Growth  Assay  using  CRL- 
1634  incubated  in  the  presence  of  the  parent  EGF-Gen  conjugate  as  well  as 
fractions  isolated  from  the  reverse-phase  HPLC.  Figures  6A  and  6B  show 
a  similar  experiment  using  MDA-MB-231  breast  cancer  cells.  Although  the 
parent  EGF-Gen  conjugate  appeared  to  stimulate  both  cell  lines  at  a 
concentration  of  2.5  ng/mL,  the  38’  fraction  brought  this  stimulation  nearly 
to  the  control  level(no  EGF  present)  in  the  CRL-1634  cells  while  the  MDA 
cells  were  stimulated  by  this  fraction.  The  44’  peak  was  also  present  in 
stock  EGF  preparations  and  may  represent  denatured  or  aggregated  EGF. 

In  previous  studies  we  substituted  shorter  chain-length  and  less 
hydrophobic  crosslinkers  for  Sulfo-SANPAH  in  order  to  reduce  aggregation 
due  to  protein-protein  hydrophobic  interactions.  The  short-chain 
crosslinker,  ANB-NOS,  resulted  in  less  precipitation/aggregation  than  was 
seen  using  Sulfo-SANPAH  and  was  used  in  recent  experiments  to  form 
EGF-ANB-NOS-Gen  conjugates.  EGF-ANB-NOS-Gen  conjugates  were 
prepared  by  photolyzing  ANB-NOS-modified  EGF  for  one  hr  under  longwave 
UV  in  the  presence  of  excess  Genistein.  Figures  7A  -  7F  show 
representative  HPLC  chromatograms  of  EGF-ANB-NOS  and  EGF-ANB- 
NOS-Gen  conjugates.  UV  scans  are  included  for  the  major  peaks  of 
interest  and  for  the  EGF,  ANB-NOS,  and  Genistein  standards.  There 
appears  to  be  no  monomeric,  native  EGF  present  in  the  conjugates.  ANB- 
NOS  modification  of  EGF  leads  to  a  number  of  peaks  with  characteristics  of 
both  EGF  and  the  ANB-NOS  crosslinker.  When  photolysis  occurs  in  the 
presence  of  excess  Genistein,  no  new  peaks  appear,  but  the  broad  peak  at 
26.646  min  has  an  additional  shoulder  detected  in  the  UV  scan. 

The  ANB-NOS-EGF  and  EGF-ANB-NOS-Gen  conjugates  were  tested 
against  CRL-1634  and  MDA-MB-231  cells  in  the  stimulation/growth  assay 
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previously  described.  Figures  8A  and  8B  show  the  results  from  one  such 
assay.  The  CRL-1634  cells  were  stimulated  at  2.5  ng/mL  concentrations  of 
ail  the  test  compunds,  the  conjugates  stimulated  more  than  the  stock  EGF. 
A  concentration  of  10  ng/mL  was  used  for  the  MDA-MB-231  cells.  In  this 
case,  EGF  was  stimulatory  but  all  the  conjugates  inhibited  growth  to  some 
extent.  These  experiments  suggest  that  the  ANB-NOS  crosslinker  may 
generate  more  potent  conjugates  than  Sulfo-SANPAH  and  that  even  ng/mL 
concentrations  of  these  conjugates  may  show  inhibition  against  breast 
cancer  cell  lines. 

Our  most  recent  experiments  have  concentrated  on  zymography 
experiments  using  MDA-MB-231,  BT-20,  and  SQ-20B  cell  lines.  We  were 
interested  in  determining  the  species  of  gelatinase  enzymes  present  in 
various  breast  cancer  cell  lines  and  to  see  what  effect  our  EGF-Gen 
conjugates  might  have  on  their  activity.  Experiments  were  set  up  as 
described  in  the  Materials  and  Methods  section.  Control  cells  received  no 
EGF.  Since  Genistein  was  added  in  DMSO,  we  used  a  control  which 
received  the  same  amount  of  DMSO(1%  final  concentration).  Cells  were 
pulsed  daily  for  up  to  72  hr  and  harvested  the  following  day.  Ten  to  twenty- 
five  ug  amounts  of  concentrated  supernatant  protein  were  loaded  per  lane; 
for  each  gel,  each  lane  received  an  equal  amount  of  protein.  Figures  9A  - 
9C  show  preliminary  examples  of  gels  run  on  these  cell  lines.  In  general, 
more  inhibition  was  seen  with  the  longer  incubation  times(and,  therefore, 
higher  cumulative  amounts  of  conjugate).  Genistein  was  very  inhibitory, 
due  in  large  part  to  the  amount  of  DMSO  present.  Future  experiments  will 
use  much  lower  Genistein  concentrations.  The  gelatinase  patterns  varied 
in  type  and  intensity  among  the  different  cell  lines.  Comparing  the  clear 
bands  of  enzyme  activity  to  the  molecular  weight  standards(clearly  visible  on 
most  gels  after  staining  with  Coomassie  Blue),  Gelatinase  A(MMP-2)  may 
be  present  at  62  -  68  kDa.  We  would  also  expect  to  see  Gelatinase  B(MMP- 
9)  (as  reported  in  the  literature  for  related  cell  lines)  at  approximately  92  kDa 


10 


but  the  upper  clear  band  visible  on  our  gels  appears  to  be  much  larger  than 
this  relative  molecular  weight..  In  all  three  cell  lines  tested,  the  EGF-Gen 
conjugates  inhibit  the  gelatinase  activity  below  the  control  level.  The  EGF- 
SANPAH-Gen  conjugate  appears  to  be  more  active  than  the  EGF-ANB-NOS- 
Gen  conjugate  under  these  conditions.  Incubation  with  EGF  itself,  daily 
concentrations  of  10  ug/mL  were  used  in  these  experiments,  generally 
resulted  in  pronounced  stimulation  of  gelatinase  activity.  These 
experiments  are  preliminary,  but  interesting  enough  to  pursue  further.  We 
will  use  antibodies  and  inhibitors  directed  against  Gelatinase  A  and  B  to 
determine  if  those  are  the  main  species  present  in  these  cell  lines  and  to 
investigate  the  nature  of  the  higher  molecular  weight  band  of  gelatinase 
activity  seen  in  our  gels.  We  will  also  test  our  conjugates  against  other  cell 
lines. 
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Sample  Name :  EGF/SAN 


EGF/SAN  (1:10)  3/20/00  2.14  mg/ml 

LiChrospher  100  column  (RP-18,  5um) .  Flow  =  1  mL/min. 


Injection  Date 
Sample  Name 
Acq.  Operator 


3/20/00  8:36:42  PM 

EGF/SAN 

Kenny 


Different  Inj  Volume  from  Sequence 


Seq.  Line 
Vial 
Inj 

Inj  Volume 
Actual  Inj  Volume 


Sequence  File  :  C:\HPCHEM\l\SEQUENCE\EGF32000.S 

Method  :  C:\HPCHEM\l\METHODS\LISAEGF2.M 

Last  changed  :  3/20/00  5:08:16  PM  by  Kenny 

EGF  samples  with  Lichrospher  100  column.  C:  H20,  0.1%  TFA  D:  8( 
H20,  0.1%  TFA.  Gradient  elution:  t=0  20%  D;  t=5  30%  D;  t=9  38! 

5%  D;  t=35  100%  D;  t=50  100%  D;  t=55  20%  D;  t=56  Stop. 
D7sirrA;'Sig=280li“Ref:i695.10{LISAK\hS3200U.U) 


4 
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Figure  1A  -  Figure  1A  shows  a  reverse-phase  HPLC  pattern  of  EGF-SANPAH 
made  using  a  10:1  molar  ratio  of  SANPAH  to  EGF.  Unmodified  EGF  would 
elute  between  13  and  14  min  and  unreacted  Sulfo-SANPAFI  at  25  -  26  min 


under  these  conditions. 


EGF/SAN/GEN  (1:10,  1:20)  17%  DMSO 

1  HR  LWUV  3/20/00  Fractions  collected. 
LiChrospher  100  column  (RP-18,  Bum). 


Sample  Name:  EGF/SAN/GEN 


Injection  Date  :  3/21/00  11:45:25  AM  Seq.  Line  :  2 

Sample  Name  :  EGF/SAN/GEN  Vial  :  1 

Acq.  Operator  :  Deb  Inj  :  1 

Inj  Volume  :  100  /il 

Sequence  File  :  C:\HPCHEM\1\SEQUENCE\EGF32100.S 

Method  :  C:\HPCHEM\l\METHODS\LISAEGF2.M 

Last  changed  :  3/21/00  10:30:53  AM  by  Deb 

EGF  samples  with  Lichrospher  100  column.  C:  H20,  0.1%  TFA  D:  80%  ACN  20% 
H20,  0.1%  TFA.  Gradient  elution:  t=0  20%  D;  t=5  30%  D;  t=9  38%  D;  t=20  43 
5%  D;  t  =  35  100%  D;  t  =  50  100%  D;  t  =  55  20%  D;  t=56  Stop. _ 


3/21/00  11:45:25  AM 

EGF/SAN/GEN 

Deb 


Sequence  File 
Method 

Last  changed 


CTOJ-)  ^ 


!S 


Figure  1B  -  Figure  1B  shows  the  pattern  for  EGF  -  SANPAH  -  Gen  using  a  20:1 
molar  ratio  of  Genistein  to  EGF.  The  spectrum  of  the  peak  eluting  at  30  min 
has  characteristics  of  EGF  and  the  SANPAH  crosslinker;  the  peak  at  38  min 
has  characteristics  of  EGF,  SANPAH,  and  Genistein.  Unreacted  Genistein  is 
present  (19  min). 


Sample  Name :  EOF 


EGF  1  mg/ml  in  PBS  3/20/00 

LiChrospher  100  column  (RP-18,  Sum) .  Flow  =  1  mL/min. 


Injection  Date  :  3/20/00  11:58:09  PM  Seq.  Line  :  7 

Sample  Name  :  EGF  Vial  :  7 

Acq.  Operator  :  Kenny  Inj  :  1 

Inj  Volume  :  50  ill 

Sequence  File  :  C:\HPCHEM\l\SEQUENCE\EGF32000.S 

Method  :  C:\HPCHEM\l\METHODS\LISAEGF2,M 

Last  changed  :  3/20/00  5:08:16  PM  by  Kenny 

EGF  samples  with  Lichrospher  100  column.  C:  H20,  0.1%  TFA  D:  80%  ACN  20% 
H20,  0.1%  TFA.  Gradient  elution:  t=0  20%  D;  t=5  30%  D;  t=9  38%  D;  t=20  43. 


Figure  1C  -  Figure  1C  shows  the  reverse-phase  HPLC  pattern  for  EGF. 


Sample  Name :  Sanpah 

Sanpah  lmg/20  ul  DMSO  5  ul  +  250  ul  methanol. 

LiChrospher  column  (RP-18,  5  um)  Flow  1  ml/min 

Injection  Date  :  3/20/00  7:29:34  PM  Seq.  Line  :  3 

Sample  Name  :  Sanpah  Vial  :  3 

Acq.  Operator  :  Kenny  Inj  :  1 

Inj  Volume  :  50  fil 

Different  Inj  Volume  from  Sequence  !  Actual  Inj  Volume  :  20  fil 

Sequence  File  :  C:\HPCHEM\l\SEQUENCE\EGF32000.S 

Method  :  C:\HPCHEM\l\METHODS\LISAEGF2.M 

Last  changed  :  3/20/00  5:08:16  PM  by  Kenny 

EGF  samples  with  Lichrospher  100  column.  C:  H20,  0.1%  TFA  D:  80%  ACN  20% 
H20,  0.1%  TFA.  Gradient  elution:  t=0  20%  D;  t=5  30%  D;  t=9  38%  D;  t=20  43. 
5%  D;  t=35  100%  D;  t=50  100%  D;  t=55  20%  D;  t=56  stop. 


Figure  1D  -  Figure  1D  shows  the  reverse-phase  HPLC  pattern  of  a  Sulfo- 
SANPAH  control. 


Sample  Name:  Genistein 

Genistein  from  3/13/00.  Img  Gen/3 Oul  DMSO. 

5  ul  Sanpah  +  250  uL  MeOH  in  HPLC  vial. 

LiChrospher  100  column  (RP-18,  5um) . 


Injection  Date  :  3/20/00  6:22:27  PM  Seq.  Line  :  2 

Sample  Name  :  Genistein  Vial  :  2 

Acq.  Operator  :  Kenny  Inj  :  1 

Inj  Volume  :  50  ul 

Different  Inj  Volume  from  Sequence  !  Actual  Inj  Volume  :  20  ^1 

Sequence  File  :  C:\HPCHEM\1\SEQUENCE\EGF32000.S 

Method  :  C : \HPCHEM\l\METHODS\LISAEGF2 . M 

Last  changed  :  3/20/00  5:08:16  PM  by  Kenny 

EGF  samples  with  Lichrospher  100  column.  C:  H20,  0.1%  TFA  D:  80%  ACN  20% 
H20,  0.1%  TFA.  Gradient  elution:  t=0  20%  D;  t=5  30%  D;  t=9  38%  D;  t=20  43. 


Figure  1E  -  Figure  1E  shows  the  HPLC  pattern  for  Genistein. 


W 


Sample  Name:  EGF/SAN/GEN 


EGF/SAN/GEN  (1:10,  1:10)  1  HR  LWUV. 
Diluted  to  1  mg/ml  in  PBS.  Made  3/6/00. 
Run  previously  on  HPLC.  Stored  at  -20. 


Injection  Date  :  3/15/00  3:03:34  AM  Seq.  Line  :  12 

Sample  Name  :  EGF/SAN/GEN  Vial  :  9 

Acq.  Operator  :  Deb  Inj  :  1 

Inj  Volume  :  50  /zl 

Different  Inj  Volume  from  Sequence  !  Actual  Inj  Volume  :  25  fj.1 

Sequence  File  :  C:\HPCHEM\l\SEQUENCE\EGF31400.S 

Method  :  C : \HPCHEM\1\METH0DS\LISAEGF2 . M 

Last  changed  :  3/15/00  3:02:14  AM  by  Deb 

(modified  after  loading) 

EGF  samples  with  Lichrospher  100  column.  C:  H20,  0.1%  TFA  D:  80%  ACN  20% 
H20,  0.1%  TFA.  Gradient  elution:  t=0  20%  D;  t=5  30%  D;  t=9  38%  D;  t=20  43. 


Figure  1F  -  Figure  1F  shows  a  reverse-phase  HPLC  pattern  of  EGF-SANPAH  - 
Gen  made  by  photolyzing  the  EGF-SANPAH  in  the  presence  of  a  10:1  molar 
excess  of  Genistein.  This  preparation  contains  much  less  free  Genistein. 


Figures  2A  and  2B  -  Figure  2A  shows  the  effects  of  various  concentrations  of 
EGF  on  the  growth  of  CRL-1634  cells  incubated  for  five  days.  The  control  cells 
received  no  EGF.  Figure  2B  indicates  that  incubation  of  EGF  in  the  presence  of 
various  concentrations  of  DMSO  results  in  inhibition  of  the  growth  of  CRL-1634 
cells.  Excess  DMSO  was  removed  by  passage  of  the  EGF  through  a 
“desaltina”  column  prior  to  incubation  with  the  cells. 
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Control 
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Figure  3  -  Figure  3  shows  that  EGF  is  still  able  to  stimulate  CRL-1634  cells 
after  passage  through  a  reverse-phase  column  in  the  presence  of  acetonitrile. 
The  acetonitrile  is  evaporated  under  nitrogen  and  the  protein  concentration 
determined  by  the  BCA  assay. 
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MDAMB231  Cells 


EGF  Growth  Assay 


April  3,  2000 
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MDAMB231  cells  were  incubated  for  5  days  prior  to  counting. 


Figure  4  -  Results  of  an  EGF  Growth  Assay  showing  MDA-MB-231  cells 
incubated  in  the  presence  of  two  concentrations  of  Stock  EGF  and  HPLC- 
purified  EGF. 
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Figure  5A 
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Figures  5A  and  5B  -  Figures  5A  and  5B  show  the  growth  of  CRL-1634  cells 
incubated  in  the  presence  of  EGF-SANPAH  and  EGF-SAN-Gen,  the  parent 
conjugates  as  well  as  the  fractions  iso^ted  from  the  reverse-phase  HPLC. 
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Figure  6A  and  6B  -  Incubation  of  MDA-MB-231  cells  in  the  presence  of  EGF- 
SANPAH  and  EGF-SAN-Gen,  the  parent  compounds  as  well  as  the  fractions 
isolated  from  the  reverse-phase  HPLC. 


Sample  Name:  EGF/ANB-NOS 


EGF/ANB-NOS  (1:10)  4/6/00 

Lichrospher  column  (RP-18,  Sum)  Flow  =  1  ml/min. 


Injection  Date  :  4/6/00  1:54:59  PM  Seq.  Line  :  4 

Sample  Name  :  EGF/ANB-NOS  Vial  :  4 

Acq.  Operator  :  Joe  Inj  :  l 

Inj  Volume  :  100  fil 

Different  Inj  Volume  from  Sequence  !  Actual  Inj  Volume  :  25  fil 

Sequence  File  :  C:\HPCHEM\1\SEQUENCE\EGF4600.S 

Method  :  C : \HPCHEM\1\METH0DS\LISAEGF2 . M 

Last  changed  :  4/6/00  10:26:29  AM  by  Joe 

EGF  samples  with  Lichrospher  100  column.  C:  H20,  0.1%  TFA  D:  80%  ACN  20% 

H20,  0.1%  TFA.  Gradient  elution:  t=0  20%  D;  t=5  30%  D;  t=9  38%  D;  t=20  43 

5%  D;  t=35  100%  D;  t=50  100%  D;  t=55  20%  D;  t=56  stop. 

DAni  A  .^in=yHll  K  KKI  IKA»\Mr:PAN<lKn  111 - - - - - 


4/6/00  1:54:59  PM 

EGF/ANB-NOS 

Joe 


TT  CM 
<CM  rf  lO 
Xfi.oA  CO 


TT  CM 

CO  T+  in 


Figure  7A  -  Figure  7 A  shows  an  HPLC  pattern  of  EGF  modified  with  a  10:1 
molar  ratio  of  the  ANB-NOS  crosslinker.  Unmodified  EGF  would  elute  at  13  - 
14  min,  ANB-NOS  at  23  -  24  min.  UV  scans  are  shown  for  the  peaks  at  26.527, 
27.611,  and  28.652  min.  The  peaks  show  both  the  280  nm  and  325  nm 


Sample  Name:  E/A/G  1:10,  1:20 


EGF/ANB/GEN  (1:10,  1:20)  1  HRLWUV  4/6/00 

Lichrospher  column  (RP-18,  5  urn)  Flow  =  1  ml /min 

Injection  Date  :  4/6/00  4:09:24  PM  Seq.  Line  :  6 

Sample  Name  :  E/A/G  1:10,  1:20  Vial  :  6 

Acq.  Operator  :  Joe  Inj  :  1 

Inj  Volume  :  100  /xl 

Different  Inj  Volume  from  Sequence  !  Actual  Inj  Volume  :  25  /zl 

Sequence  File  :  C:\HPCHEM\l\SEQUENCE\EGF4600.S 

Method  :  C:\HPCHEM\1\METH0DS\LISAEGF2.M 

Last  changed  :  4/6/00  10:26:29  AM  by  Joe 

EGF  samples  with  Lichrospher  100  column.  C:  H20,  0.1%  TFA  D:  80%  ACN  20% 
H20,  0.1%  TFA.  Gradient  elution:  t=0  20%  D;  t=5  30%  D;  t=9  38%  D;  t=20  43. 


Figure  7B  -  Figure  7B  shows  the  HPLC  pattern  of  the  EGF-ANB-NOS-Gen 
conjugate  photolyzed  in  the  presence  of  a  20:1  molar  excess  of  Genistein. 
Unreacted  Genistein  elutes  at  19  -  20  min.  A  UV  scan  of  the  broad  peak  at 
26*646  min  is  included. 
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Sample  Name :  EGF 


EGF  1  mg/ml  in  PBS  A /Jr/ 00 

Lichrospher  column  (RP-18,  Bum)  Flow  =  1  ml/min 


Injection  Date  :  4/6/00  12:47:28  PM  Seq.  Line  :  3 

Sample  Name  :  EGF  Vial  :  3 

Acq.  Operator  :  Joe  Inj  :  1 

Inj  Volume  :  100  /xl 

Sequence  File  :  C:\HPCHEM\l\SEQUENCE\EGF4600.S 

Method  :  C:\HPCHEM\l\METHODS\LISAEGF2.M 

Last  changed  :  4/6/00  10:26:29  AM  by  Joe 

EGF  samples  with  Lichrospher  100  column.  C:  H20,  0.1%  TFA  D:  80%  ACN  20% 
H20,  0.1%  TFA.  Gradient  elution:  t=0  20%  D;  t=5  30%  D;  t=9  38%  D;  t=20  43. 
5%  D;  t=35  100%  D;  t=50  100%  D;  t=55  20%  D;  t=56  stop. _ 
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Figure  7C  -  Figure  7C  shows  the  HPLC  pattern  and  UV  scan  of  EGF. 


ANB  NOS  4/6/00  5  ul  +  250  ul  methanol. 

LiChrospher  100  column  (RP-18,  Sum).  Flow  =  1  ml/min 


Sample  Name:  ANB  NOS 
T" ode  »K.  ^ 


Injection  Date  :  4/6/00  11:39:58  AM  Seq.  Line  :  2 

Sample  Name  :  ANB  NOS  Vial  :  2 

Acq.  Operator  :  Joe  Inj  :  1 

Inj  Volume  :  100  /xl 

Different  Inj  Volume  from  Sequence  !  Actual  Inj  Volume  :  20  /xl 

Sequence  File  :  C:\HPCHEM\1\SEQUENCE\EGF4600.S 

Method  :  C:\HPCHEM\1\METH0DS\LISAEGF2.M 

Last  changed  :  4/6/00  10:26:29  AM  by  Joe 

EGF  samples  with  Lichrospher  100  column.  C:  H20,  0.1%  TFA  D:  80%  ACN  20% 
H20,  0.1%  TFA.  Gradient  elution:  t=0  20%  D;  t=5  30%  D;  t=9  38%  D;  t=20  43. 
5%  D;  t=35  100%  D;  t=50  100%  D;  t=55  20%  D;  t=56  stop. 


Figure  7D  -  Figure  7D  shows  the  HPLC  pattern  and  UV  scan  of  an  ANB-NOS 
standard. 
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Genistein  5/6/00  5ul  +  250  ul  methanol 
Lichrospher  column  (RP-18,  5  urn)  Flow  =  1  ml /min. 


Sample  Name:  Genistein 


Injection  Date 
Sample  Name 
Acq .  Operator 


4/6/00  10:32:49  AM 

Genistein 

Joe 


Seq. 


Different  Inj  Volume  from  Sequence  !  Actual 


Sequence  File 
Method 
Last  changed 


C:\HPCHEM\1\SEQUENCE\EGF4600.S 
C : \HPCHEM\l\METHODS\LISAEGF2 .M 
4/6/00  10:26:29  AM  by  Joe 
EGF  samples  with  Lichrospher  100  column.  C:  H20, 
H20,  0.1%  TFA.  Gradient  elution:  t=0  20%  D;  t=5 
5%  D;  t=35  100%  D;  t=50  100%  D;  t=55  20%  D;  t=56 

- DAD1  A,  Srg=280.8  Kef=B95.10  (LISAK\GtN4bU0.U) 


Inj 

Inj 


Line 
Vial 
Inj 
Volume 
Volume 
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30%  D;  t=9 
stop. _ 
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Figure  7E  -  Figure  7E  shows  the  HPLC  pattern  and  UV  scan  of  Genistein. 
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Sample  Name:  E/A/G  1:10,  1:10 


EGF/ANB/GEN  (1:10,1:10)  1  HRLWUV  4/6/00 

Lichrospher  column  (RP-18,  5  urn)  Flow  =  1  ml/min 


4/6/00  3:02:10  PM 
E/A/G  1:10,  1:10 
Joe 


Injiction^Diti'  7'4/6/00  3:02:10  PM  Seq.  Line  :  5 

Sample  Name  :  E/A/G  1:10,  1:10  •  ^ 

Acq.  Operator  :  Joe 

Different  Inj  Volume  from  Sequence  !  Actual  Inj  Volume  :  25  nl 

Seauence  File  :  C:\HPCHEM\l\SEQUENCE\EGF4600.S 

Method  :  C:\HPCHEM\l\METHODS\LISAEGF2.M 

Last  changed  :  4/6/00  10:26:29  AM  by  Joe 

EGF  samples  with  Lichrospher  100  column  C:  H20  0-1^ 

H20  0,1%  TFA.  Gradient  elution:  t  =  0  20^  D;  t-5  30o  D,  t  9  3  o  , 

R?:  D-  t=35  100%  D;  t=50  100%  D;  t=55  20%  _ t=56  stop. - - - _ - 

I - - — DAU1  A.  8ig=280,B  Ket=b9b,10  (LI8AKVbAG  IU4bU.Dl 


5.1U  (LISAK^bAU1U4bOXJJ 


Figure  7F  -  Figure  7F  shows  the  HPLC  pattern  of  EGF-ANB-NOS-Gen  made 
with  a  10:1  molar  ratio  of  Genistein  to  EGF.  There  is  almost  no  unreacted 


Genistein  in  this  preparation. 


shows  a  similar  experiment  using  MDA-MB-231  breast  cancer  cells. 


SDS-PAGE 

tCc^hi 

Date:  f\ 

Gel  Type:  fhcry  lon/v^ih.  f  0  <1%  Qc^(x.-^t^ 

Lane  Description  _ _ _ _ _ _ _ _ _ 

1  ^ _ 

2  Yilu)  5)-ha'nJ cuJ-  /  h^oA  yU>7^, 

3  mo/}rnS2d\  ft  O^KtA^  _ 

4  C  cnib^^^  ^ ^ _ 

1  Qimo  _ 

6  tC!^  _ 

_ _ _ _ — - - - - 

7  pbt^ I  Ccn  / 

- - - - - - 

8  \/  \/  ^/  I’loj.to  ■^'P'O 


STRATAGENE  EAGLE  EVE  11  07x20^00  lS!47i2B 
Zy*o9r»Fhy  7/26/00  A 
IMAGE  SIZE  (640  400  x  0). 

REAL-TIME  ACQUIRE. 

acquired  FRI  JUL  29  15:47:26  2000. 

S  (o  ^  ® 


Amount  L 

oaded 

J/M 

Spl 

0. 

10.^ 

/OJ 

fXJ 

un 

10.% 

lOM 

f 

IB 

■i 

Figure  9A  -  Figure  9A  shows  a  zymography  gel  of  MDA-MB-231  cells  incubated 
with  Genistein,  DMSO,  EGF,  and  EGF-Gen  conjugates.  Twenty-five  ug  of 
protein  were  loaded  per  lane.  The  daily  Genistein  concentration  was  100  uM(in 
1%  DMSO)  and  EGF  and  the  EGF  conjugates  were  at  10  ug/mL.  Supernatants 
were  harvested  after  96  hr  incubation  at  37°  C. 
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Figure  9B  -  Figure  9B  shows  a  zymography  gel  of  BT-20  cells  incubated  with 
the  EGF-Gen  conjugates.  A  five-well  comb  was  used  for  this  gel  and  25  ug  of 
protein  loaded  per  lane.  Cells  were  incubated  with  10  ug/mL  daily 

concentrations  of  the  conjugates  and  harvested  after  72  hr. 
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